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144-Megacycle Transmitter 

72-Watts Input on 144 Me with an RCA-5894 

By R. M. Mendelson,* W20K0 


The appearance of a new tube often prompts the adventurous ham to re-appraise 
his equipment with a critical eye. W20K0 looked over the specifications for the new 
RCA-5894, a high-efficiency version of the 829, and found it was time he built an 
up-to-date 144-Mc rig. The result is a transmitter that takes advantage of the best 
features of this high-frequency twin beam power tube. Ready for 72 watts of modu- 
lated input, the circuit described below incorporates stable VFO tuning, broad-band 
multipliers for a minimum of tuning controls, a high-efficiency tank circuit, and coaxial 
output with antenna switching. 

Since attention to wiring and construction detail often spells the difference be- 
tween R3 and R5 at 144 Me, more than usual ,/ how-to ,/ information will be supplied 
for this rig. The transmitter will be described in two parts. Part I contains a descrip- 
tion of the set, the circuit diagram and parts list, and advice on wiring and construc- 
tion for those who want to get off to an early start. Adjustment and operation will be 
described in Part II. 


The RCA-5894, a twin beam power tube 
designed to operate at frequencies up to 400 
or 500 Me, offers many advantages in a 
modern 144-Mc rig. Since a survey of 
recent literature disclosed little information 
on how to capitalize on the tube’s possi- 
bilities, the transmitter described in this 
article was developed. 

The VFO and multiplier tubes are all 
well-known ham types. A 5894 is used for 
the final stage; this tube has balanced 
structure with low interelectrode capacitances 
and low cathode inductance. The 5894 is 
internally neutralized, eliminating all need 
for external neutralizing circuits. These 
features, plus the 5894’s low rf losses and 


high power sensitivity, make it an excellent 
choice for operation with a full ’phone input 
of 72 watts at 144 Me. 

The complete schematic diagram is shown 
in Figure 3. The VFO operates in the 
8-Mc range, using a 6AU6 in a conventional 
Clapp oscillator and feeding into a 5763 
buffer stage. A 5763 multiplier stage triples 
to 24 Me. By means of switch Si, this 
stage may also be used as a crystal oscil- 
lator for scheduled contacts, net operations, 
etc. A second 5763 multiplier doubles to 
48 Me to feed a pair of 5763’s in a push- 
pull tripler that drives the final. 

The buffer and the two single-tube multi- 
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pliers use slug-tuned coils in self-resonant 
plate circuits. When the coils are peaked 
for 146-Mc operation, they give adequate 
drive from 144 to 148 Me. The push-pull 
tripler, capacitively coupled to the final, also 
provides ample, well-balanced drive over the 
entire band. Screen-voltage divider Ri 7 
controls the amount of drive, while Ri 8 
prevents accidental lowering of drive below 
a safe value. 

To prevent a parasitic oscillation in the 
final, it was necessary to use a series-tuned 
screen bypass circuit formed by C 29 and 
the internal tube screen-lead inductance. R 2 i 
serves a dual purpose. First, it acts as a 
screen-voltage dropping resistor. Since it 
is wire-wound, however, it also serves as an 
rf choke at 144 Me. Its location is important 
and is discussed under “Construction.” 

The efficiency of the final circuit stems 
from the 5894 and from its tank design. 
This type of design was described in Elec- 
tronics, May, 1947 (p. 130), and sample 
calculations were given for 144 Me. Refer- 
ring to Figure 6, note that the basic circuit 
is a pair of parallel lines surrounded by a 
large copper shield. The parallel lines 
terminate in a copper disk. Separated from 
this disk by a mica insulator is another 
copper disk which forms the “bottom” of 
the shield. The shield prevents radiation 
from the tank lines and raises the circuit 
Q considerably. 

Loading is varied, and output is taken by 
means of a movable hairpin loop coupled 
to the shorted end of the tank. As can be 
seen from Figure 3, the shield disk and 
mica insulation also act as an rf bypass 
capacitor (C 3 2 ) for this end of the tank 


line. Dimensions of the components are 
fairly critical. The parts can be machined 
easily, however. They can also be made with 
hand tools if proper care is exercised. De- 
tails are included under “Construction.” 

Because of the push-pull operation, it is 
essential that the plate circuits of the 5894 
be balanced if both plates are to run cool. 
Since a balanced antenna coupling is in- 
dicated, the hairpin loop should not be used 
to couple directly to a coaxial line. To make 
the coupling, a conventional antenna tuner 
cut for 144 Me ( QST , January, 1952, p. 50) 
is used in reverse. For feeding 50-ohm co- 
axial line, the input taps on the coil will be 
approximately one-half turn in from each 
end; however, they are best located experi- 
mentally — as described under “Operation.” 

Transmitter Layout 

As shown in the panel layout, tuning 
controls are necessary only for the last 
multiplier plate and the final plate, and are 
located just below the grid-current and plate- 
current meters. From left to right across 
the bottom row are the final excitation con- 
trol, the crystal-VFO selector, crystal sockets, 
the filament switch, and antenna loading 
and tuning controls. Filament and high- 
voltage pilots and a fuse holder complete the 
lower level. The VFO tuning knob, cali- 
bration dial, and band-set adjuster are in 
the upper right corner of the panel. 

The rig is built on a 17" x 13" x 3" 
steel chassis bolted to a 19" x 8 %" steel 
panel. Because of the frequency multipli- 
cation of 18 times from VFO to final, it is 
best for good stability to use steel here and 
provide strong panel-to-chassis bolting. 


Figure 1. Panel view of the 144-Mc transmitter. VFO handset control is directly above the center of the VFO dial. 
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The VFO and buffer stages are mounted 
on the left side of a steel box behind the 
right end of the panel. The first t\yo multi- 
plier stages are on the left of the chassis 
toward the front. The tripler-driver is lo- 
cated back of the doubler, on a sub-chassis 
and in line with the socket of the final tube. 
This arrangement allows short coupling leads 
to the final. Its symmetry also helps to keep 
the final grid circuit balanced. The 5894 
is mounted horizontally, allowing . easy con- 
nection to the plate tank circuit and adequate 
ventilation around the tube. This method 
also keeps heat from getting to the tuned 
lines where it might affect tuning stability. 
Tripler and final tuning controls are brought 
to panel mounts by simple pulley arrange- 
ments, as shown in Figure 5. 

Antenna link coupling is made at the cold 
end of the tank lines and is carried by two 
feed-through bushings below the chassis to 
the antenna tuner. 

The voltage-regulator tube for VFO plate 
and screen voltage is at the back of the 
chassis. On the chassis back wall are the 
antenna and receiver coax connectors and 
the power input plug. 


Construction 

If the usual precautions against feedback 
are observed, no difficulties should be en- 
countered in the construction of this trans- 
mitter. Keep all rf leads as short as pos- 
sible. Only dc and filament leads may be 
cabled; even on these, adequate rf by- 
passing should be used close to the tube 
sockets. 

The VFO box is held to the panel with 
12, screws. It has no rigid connection to 
the chassis. Added strength is provided by 
the use of 12 more screws to fasten the 
back plate to the box. Heat from the tubes 
is dissipated outside the box, because only 
the cold components and the rf tuned circuit 
are placed inside. Note that a bus -bar is 
used for all VFO and buffer ground con- 
nections. The bus-bar is grounded to the 
chassis only at the tuning capacitor rotor 
(C 2 ). Design of this sort has proved 
valuable in obtaining a steady VFO fre- 
quency. (See VFO described in Ham Tips, 
December, 1953.) 

The VFO coil is made of 2" B & W coil 
stock, chosen for strength and high Q. The 


Figure 2. Top view. Note expansion loops in plate leads of the RCA-5894. The two pulley assemblies can also be soen. 
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coil is best mounted by gluing to a piece of 
Lucite, using any good plastic cement be- 
tween the Lucite and the coil’s plastic frame. 
This larger Lucite piece may then be bolted 
to the front panel on 1" porcelain stand- 
offs. Keep the coil as far as possible from 
the cabinet walls. The tuning capacitor, 
which should be of the two-bearing type, is 
also bolted to the front panel. In this way 
the lead from coil to condenser is kept short; 


more important, the capacitor and coil are 
kept rigid with respect to each other. 

To insure good shielding, paint should be 
scraped from the back of the panel where 
the VFO box makes contact. Similarly, 
scrape the paint from the area of contact 
between the box and its back cover. 

Wiring of the multipliers up to the push- 
pull tripler requires no comment except to 
repeat the advisability of shoft rf leads. 


Link coupling is used to the grids of the 
tripler because of its location. Feed-through 
bushings fix link coil L 6 and allow the 
tripler sub-chassis to be lowered into place 
after both the sub-chassis, and socket wiring 
for the final have been completed. 

Filament, plate, and screen leads from the 
sub-chassis are fed through a grommet and 
wired later to their proper points under the 
chassis. The grid coil is broad-tuned and 



c, 

c 2 

C 3 

C 4 ,5 

^6, 7, 9, 10, 13, 15, ) 
^16,34,35,36,40 j 
^8,17 
Cll 
C12 
C,4 

Cl8, 19, 20, 21, 22, 23 | 
^28, 37, 38, 39, 41 J 
^24,31 
C 2 5 
^26, 27 
C 2 9 

C30 

C32 

C33 

F, 

J i ,2 
J3 
Li 

1-2,3 

U 


50 /Lt/xf variable (Hammarlund APC-50) 

5 /i/if ceramic, zero temp, coeff. (Erie NP0K-050) 

15 fifif variable, dual bearing (National SEU-15) 

500 /i/if silver mica (El-Menco CM15-E501J) 

0.01 /tf Geramic (Centralab CRL D6-103) 

50 /t/if ceramic (Erie GP1K-500) 

100 /i/if ceramic (Erie GP1K-101) 

10 /t/if ceramic (Erie GPlK-100) 

150 /t/if ceramic (Centralab CRL D6-151) 

0.001 /if ceramic (Centralab CRL D6-102) 

10 /i/if per section butterfly (Hammarlund BFC-12) 

2 /if oil, 600 WVDC (Cornell Dubilier TJU 6020) 

20 /i/if ceramic (Erie GP1K-200) 

7-45 /i/tf variable ceramic disk (Erie TS2A-7) 

0.002 /if mica, 2500 WVDC (Cornell Dubilier Type 9L) 
See text 

15 /t/if per section variable (Hammarlund HFD 15X) 
Fuse, 3AG, 1 amp. 

Insulated phone tip jacks 
Output jack to coaxial relay 

20 turns #16, 2" diam., 2" long (B&W 3907 coil stock) 
RFC, 2.5 mh, 125 ma (National R-100U) 

23 turns #26 enam., W diam., close-wound 
(on slug-tuned coil form National XR-50) 


L s RFC, 2.5 mh. 125 ma (National R-100) 

L 6 7 turns #26 enam., close-wound on 
same type form as L 4 
L 7 4 turns #26 enam., close-wound on 
same type form as L 4 
L 8 2 turns #16 enam., coupled to L 7 
L* 1 turn #16 enam., W' diam. 

L 10 20 turns #16 enam., Vi" diam., spaced wire 

diam., plus W' space at center for L 9 
L„ 2 turns #16 bare, V 2 " diam., spaced Vs" 
1 - 12,13 RFC, 1.8 /ih (Ohmite Z144) 

I-i 4 ,i 5 See text 

L !6 RFC, 2.5 mh, 300 ma (National R-300ST) 

L 17 5 turns #1$ bare, W' diam., spaced Vs" 

L 18 1 turn #16 bare, W' diam. 

Mi Meter, 0-15 ma 

M 2 Meter, 0-500 ma 

PL,, 2 6-8 v, #40 or #47 pilot lights 

R, 47,000 ohms, 1 watt 

R 2 , 8 ,i 3 1,000 ohms, 1 watt 

’ R 3 50,000 ohms, V 2 watt 

R 4 3,000 ohms, 10 watts 

R s 68,000 ohms, 1/2 watt 

R 6>11 330 ohms, 1/2 watt 

R 7 ’i 2 12,000 ohms, 1 watt 

R 9 82,000 ohms, V 2 watt 


Rio, 15 
Rl4 

Rl6 

Rl7 

Rl8 

Rl9 

R20 

R 2 1 

Si 

T, 

Chassis 


Panel 


Sub-chassis 


VFO shield box 
Ant. tuner box 
Coaxial relay 


1.000 ohms, 1/2 watt 

33.000 ohms, 1/2 watt 

8.000 ohms, 1 watt 

20.000 ohms, wire-wound variable, 2 watts 

20.000 ohms, 2 watts 
100 ohms, 1 watt 

10.000 ohms, 1 watt 

15.000 ohms, wire-wound, 20 watts 
DP 5-position ceramic rotary switch 
(Centralab 2505) 

6.3 v, 10 amp (Stancor P6308) 
Miscellaneous 
17" x 13" x 3" steel (ParMetal 
B-4536 or C-4536) 

19" x 83/4" x Vs" steel (ParMetal 
6604 or G6604) 

5" x 3" x 2" (Open-side half of 
Flexi-mount ICA-29341, or bend 
from aluminum stock) 

6" x 5" x 4" steel (ICA-3812) 

4" x 4" x 2" aluminum (ICA-29810) 
(Advance CB/1C2C/115VA) 


Note: Manufacturer’s names and part numbers are 
given only to identify components used in this trans- 
mitter. Equivalent components by other manufac- 
turers may be substituted wherever desired. 


is adjusted when the transmitter is put into 
operation. For reduced lead inductance, it 
is advisable to use % 6 "-wide copper ribbon 
for the plate-to-tank leads. The use of tube 
shields on this stage is not recommended 
since the loss of rf power through the added 
plate-ground capacitance will be excessive. 

In wiring the final socket (which should 
contain ventilating holes and be shielded and 
sunken), note that the screen lead and grid 
return are fed through the chassis by bush- 
ings. Copper ribbon is used from the screen 
to its feed-through. The screen bypass 
trimmer should be mounted across the socket 
to the point at which the heater and cathode 
are grounded. Place it at a slight tilt so 
that it may be tuned from above. Under 
the chassis, the screen dropping resistor is 
mounted directly on the feed-through bush- 
ing and is bypassed by a high-voltage mica 
capacitor (C30) at the B -[- end. The grid- 


HAM SPECIAL 

Building a new rig? Modernizing an 
old one? Got a tube problem? If the 
answer to any or all of these questions 
is yes, see your RCA tube distributor 
and ask him for the new RCA Head- 
liners for Hams (Form HAM-103B). 
This is the publication you’re looking 
for. 

Completely revised, Headliners for 
Hams is jam-packed with up-to-date 
technical information on leading RCA 
tubes for amateur service. Some of its 
features are: 

1. Tube line-up chart for amateur 
transmitters. 

2. Operating conditions for Class C 
amplifier and oscillator, modu- 
lator, and frequency multiplier 
service. 

3. Technical data and terminal-con- 
nection diagrams for 45 “ham- 
preference” tube types. 

4. Latest ham ratings on popular re- 
ceiving tube types. 

5. Single side-band data. 

6. Data on new tubes 6524 and 6417 
for mobile use. 

7. Technical information about RCA 
oscillograph tubes for test equip- 
ment and camera tubes for use in 
amateur telecasting. 

In short, RCA Headliners for Hams 
was published and designed by the RCA 
Tube Division for you. 
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bias resistor is mounted between its feed- 
through and a stand-off, from which a lead 
runs to the grid meter. Again, 5 /_ 6 " flexible 
copper ribbon, having a U-bend to take up 
thermal expansion, is used for plate-to-tank 
leads. This construction prevents the plate- 
terminal seals from being subjected to any 
strain. 

The shields shown in the top views of the 
chassis keep any final rf away from earlier 
stages. They also separate the final grid 
and plate meters. These shields were in- 
stalled during the design trouble-shooting of 
the rig but may not be necessary. 

Depending on available facilities, some in- 
genuity may be required to build the final 
tank. The disks may be cut easily if a drill 
press and fly cutter are Used; if not, a hack 
saw and file will do an acceptable job. The 
copper shield tubing may be obtained from 
any large plumbing-supply house. If the 
dimensions shown are used, the tank will be 
right on frequency. 

In this tank, a spacer of laminated mica 
and fiber glass was used. Regular mica may 
be substituted, however. The thickness 
should be at least % 6 " to prevent arc-over 
but is not critical otherwise. Teflon sheet 
of at least the same thickness also may be 
used. Teflon was used here to hold the 


Figure 4. Bottom view, showing arrangement of components for shortest rf leads. 



NUT AND BOLT- 
PANEL 
FASTENING 


BOTH ABOUT ^ DIA. 
FREE-RUNNING 
ON FIXED SHAFT 


BAKELITE 



TO PREVENT SLIPPAGE, 
CROSS CORD THROUGH 
HOLES DRILLED THROUGH 
SIDE OF PULLEY INTO 
CORD GROOVE. 


■M2 RATIO 
(SPREADS 90° 
MOVEMENT OF 
BUTTERFLY 
CONDENSER TO 
180° AT PANEL) 


Figure 5. Suggested construction for the two pulley drives. 

antenna coupling loop in alignment. Lucite 
may also prove satisfactory. In any event, 
these fittings should be kept snug to hold 
their setting. 

In the transmitter shown, a mechanical 
linkage is used to vary the antenna loading. 
This linkage was put in before final design 
was reached and proved to be an un- 
necessary refinement. Once set, the link will 






Figure 6. Construction details 

not have to be moved very often — even with 
relatively large frequency changes. 

Be sure the plate tuning capacitor 
(mounted just inside the shield tubing) is 
insulated from ground, but that the shield 
itself is well grounded for rf by a 1" copper 
ribbon at the plate end. These precautions, 
together with the system of screen bypassing 
used, will prevent a 200-Mc parasitic oscil- 


>r the 144-Mc Final tank assembly. 

lation that may otherwise appear. 

The antenna tuner is straightforward ex- 
cept that its capacitor rotor is also insulated 
from ground. Use stand-offs and an 
insulated shaft coupling. Keep this circuit 
well shielded. Because the rf fields at the 
tuner are strong, complete enclosure is es- 
sential to prevent possible TVI and feed- 
back to earlier stages. 


Figure 7. Detail view showing arrangement of components on the sub-chassis and the final socket. 
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144-Megacycle Transmitter 

Part II: Operation and Adjustment 

By R. M. Mendelson,* W20K0 


A description of this circuit and the sche- 
matic diagram and parts list appeared in 
Part I in the May issue of HAM TIPS. If you 
missed Part I, ask your RCA distributor for 
a copy. 

Operation 

After all wiring has been checked, insert 
RCA’s 5763 crystal oscillator-tripler (V 3 ) and 
5763 doubler (V 4 ). Use an 8-Mc crystal that 
will put the final signal near 146 Me. If the 
coils are peaked for this frequency there will 
be adequate drive at both ends of the band. 
(A grid-dip meter to tune the coils roughly 


is a help. It is not essential, however.) Plug a 
1- or 2-ma meter into Ji, apply 250 volts to the 
oscillator circuit and tune the plate of the os- 
cillator (L 6 ) for a maximum reading. Ap- 
proximately V 2 to 1 ma should be obtained 
easily. 

Now insert the push-pull tripler 5763’s (V 5 
and V 6 ) but do not connect them to B+. Move 
the meter to J 2 and add the doubler (V 4 ) to 
the B+ line. Tune doubler coil L 7 for maxi- 
mum reading— between .75 and 2 ma. Spread 
or squeeze the tripler grid coils (Li 0 ) for the 
highest maximum reading. If this reading is 

*RCA Tube Division, Harrison, N. J. 
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still too low, it may be necessary to couple 
link L 8 closer to the doubler coil. Moving this 
link will necessitate a touch-up of the doubler 
slug. 

Insert the RCA-5894 final without B+ and 
let it warm up for 2 minutes. While waiting, 
set the screen bypass trimmer to the middle 
of its range, B-f should then be applied to all 
the multipliers but not to the final. Set excita- 
tion control Ri 7 to maximum. Tune for maxi- 
mum final grid-current by adj usting the plate- 
tank capacitor of the push-pull tripler. At least 
5 ma should be indicated. Values of 8 ma have 
been obtained easily on the transmitter built. 
Back down Ri 7 to give a reading of 4 to 5 ma. 

Before applying high voltage to the final, 
it is wise to check for parasitics. Remove ex- 
citation by pulling out tripler tubes V 5 and 
V 6 . Apply about 100 volts to the 5894 plate 
and screen circuit. Tune the final and push- 
pull tripler tuning capacitors through their 
ranges. If any combination of settings shows 
grid current, it indicates parasitic oscillation 
in the final stage. The usual procedure for 
hunting parasitics at VHF apply, but first 
make certain that the rotor of the final tuning 
capacitor is ungrounded. Adjustment of the 
screen bypass trimmer also may help. This 
trimmer setting is not critical, but in the ab- 
sence of parasitics it should be set for maxi- 
mum final grid current. 


itance. Apply high voltage to the final, then 
immediately tune tank capacitor C 3 1 for a dip 
in plate current. Adj ust the antenna tuner for 
a maximum plate-current reading. The load 
bulb should light brightly. 

With 450 volts on the plate, the current 
should be kept below 160 ma. If plate current 
is much less than this value, the loading may 
be increased by moving the antenna link a 
bit further in on the tank lines (First, turn off 
the power.) Little movement is necessary to 
obtain full load. 

To check the antenna-coil tap spacing, re- 
place the dummy load with the antenna co- 
axial feed-line and repeat the tuning proce- 
dure-starting with minimum coupling to the 
final tank. Begin with the antenna coil taps 
about V 2 turn from each end. If peaking the 
antenna tuner changes plate tuning, move the 
taps about Vs turn. Repeat the tuning proce- 
dure until the correct tap points are found. 
You are now “on the air,” crystal controlled. 

VFO Adjustment 

To start the VFO, remove power from final 
and multiplier stages and insert RCA’s 6 AU 6 
oscillator and 5763 buffer (V 2 ) . Set the panel 
selector switch to “VFO” and apply B+ to the 
6 AU 6 . It should now be oscillating and its 
range may be checked on any communications 
receiver. For complete two-meter-band cover- 



Figure 1. Transmitter tank assembly. Note corrected figure of center-to-center for the antenna link. 


The tripler tubes may now be reinserted 
and their plate circuit retuned for maximum 
final grid current. Next, a 100-watt lamp 
dummy load should be attached to the antenna 
tuner output. Pull the coupling link full out 
and set the antenna tuner for maximum capac- 


age, the oscillator should tune from 8.00 to 
8.22 Me. Use Ci to set the band edge. Calibra- 
tion may be done either with the fundamental, 
on the low-frequency receiver or, later, on a 
two-meter receiver. 

With the oscillator running, it is now only 
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necessary to tune the buffer plate to 8 Me. Set 
the VFO to mid-band (8.11 Me) and apply 
high voltage to all stages except the final. (The 
final may not have sufficient excitation until 
the buffer is adjusted.) Tune the buffer coil 
for maximum grid current at the final. The 
5894 may now be fired up. 

There will be a slight drop in final grid cur- 
rent when the VFO is tuned away from the 
center of the band, but adequate drive (4-5 
ma) can always be obtained by proper setting 
of excitation control Ri 7 . 

Some thought was given to protecting the 
5894 against loss of excitation. The use of a 
clamp tube on a modulated final is difficult at 
144 Me, where wires easily become quarter- 
wave lines. In the end, no protective devices 
were added here. No trouble has been encoun- 
tered— so far. 

Acknowledgment 

The author wishes to thank James A. Shiels, 
K2DI, and Frank Maraguglio, W2LXB, for 
their ideas and aid in constructing the final 
tank and antenna tuner. 



Figure 2. Original circuit used R 2 i without additional 
5894 screen-lead choke, but addition of L 19 (Ohmite 
Z-50) allows more complete neutralization of the final. 


Addenda 


In Part I, the center-to-center measurement 
forthe antennalink (L 15 ) was incorrectly noted 
as 19/32". The correct dimension is 7/16". 
Also in Part I it was noted that R 2 i served 


both as resistor and rf choke. It has been 
found, however, that the addition of an actual 
rf choke allows more complete neutralization 
of the final. (See Figures 2 and 3.) 
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Single-Ended Class-C Amplifier Design 

By Clarence A. West, W2IYG 

RCA Tube Division, Harrison, N. J. 

The July-August, 1954 HAM TIPS gave a simplified procedure for the design of 
pi-coupled amplifiers. Now, W2IYG steps forward to discuss simplified design for single- 
ended Class-C amplifiers using balanced plate tank circuits. 

Although much of the material presented here has been published piecemeal in one 
form or another, W2IYG has gathered the important considerations into this one article 
and boiled them down into simple, practical form. 


The basic circuit for single-ended Class-C 
amplifiers is essentially the same regardless 
of the tube type used; the chief problem con- 
fronting the designer is the selection of the 
proper component values for this circuit. The 
tuned circuits present the greatest difficulty, 
especially for those who plan to make their 
own coils and select capacitors suitable for 
use with these coils. The selection of other 
circuit components may also pose problems. 

This article presents a “rule-of-thumb” ap- 
proach to the selection of components for use 
in the circuits shown in Figures 1A and IB. 
This approach, which eliminates the use of 
formulas and equations, provides workable 
circuits having adequate efficiency for most 


“ham” uses. A nomograph and a series of 
charts and curves enable the designer to de- 
termine quickly the value and rating of all 
circuit components including the physical 
constants of the coils. The step-by-step design 
procedure is as follows : 

1. Select a suitable tube type. 

2. Select a circuit, Figure 1A or IB. 

3. Select tube power output from tube data. 

4. Determine peak plate voltage by multi- 
plying dc plate voltage by 0.85. 

5. On Nomograph, Figure 2, place straight- 
edge on these values of power output and 
peak plate voltage. Read “Plate Load” value. 

6. Place straightedge from this plate load 
value to the “Amateur Band” desired. Read 


Figure 1. Basic Circuits. (When triodes are used, omit Grid-No. 2 and Grid-No. 3 circuitry.) 
1A. Capacitance coupling from driver. IB. Link coupling from driver. 
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“Reactance Xc and X L ” value. 

7. In Figures 3 and 4, Reactance vs Capa- 
citance and Inductance Curves, read the val- 
ues of tank capacitance and tank inductance 
required. 

8. Determine minimum capacitor spacing, 
from Figure 8. 

9. From Figure 5, Coil Curves, determine 
diameter, length, number of turns, and wire 
size required. 

10. From Figure 6, Miscellaneous Circuit 
Components Chart, select values of other cir- 
cuit components. 

Before we run through a typical example, 
it is worth while to consider the important 
factors which influence tube selection. 

Tube Selection 

The selection of a tube to be used in the 
circuits covered by this article should not be 
made on the basis of tube power output alone. 
Equally important factors are: (1) tube out- 
put capacitance; (2) plate load; (3) driving 
power. 

Tube output capacitance . This capacitance 
is added to the tank-circuit capacitance— thus 
changing the tank circuit’s resonant fre- 
quency. At the lower frequencies this increase 
in tank capacitance is not serious, because the 
ratio of the tuning capacitance to the tithe 
output capacitance is reasonably high. Thus, 
the tuning capacitor may be adjusted slightly 
to compensate for the tube output capacitance. 
At the higher frequencies, however, this cap- 
acitance ratio decreases and it may not be 
possible to reduce tuning capacitance suffi- 
ciently to obtain resonance within the band. 

Plate load. A survey of popular power tubes 
used by amateurs reveals that most of them 
have plate load resistances in the range be- 
tween 2500 and 5000 ohms. The Nomograph 
can be used for all popular types because it 
covers resistance values from 1000 to 5000 
ohms. If the selected tube has a plate load 
resistance in excess of 5000 ohms, parallel 
operation of two or more lower-power tubes 
should be considered. The plate load resist- 
ance may also be reduced by operating the 
tube at a lower plate voltage and a higher 
plate current. 

Driving power . The power output from the 
driver stage should be at least twice the grid 
driving power required by the driven tube. 
When sufficient driving power is available, 
the selection of a triode greatly simplifies cir- 
cuit design because triodes in general have 
low output capacitances, are easy to neu- 
tralize, and have a plate load resistance of 


approximately 3500 ohms. In addition, grid- 
No. 2 and grid-No. 3 considerations are 
eliminated. 

Typical Design Problem 

The following sample design problem can 
easily be solved with the aid of the Nomo- 
graph, charts, and curves. 

Problem: To design a 500- watt input 
class-C amplifier for CW telegraphy service, 
having a single-ended, balanced, plate tank 
circuit and a tuned grid-input circuit, for 
operation on 40 meters. Power output from 
an available driver stage is about 10 watts. 

Procedure: Refer to a technical booklet 
such as the “RCA Headliners for Hams” 
(Form No. HAM 103B), which lists popular 
RCA types for amateur use. With the aid of 
such a publication, we find that a beam power 
tube or a pentode (for example, type 813) 
fits the driving-power requirements for the 
plate input involved. 

Having selected an RCA-813 as the desired 
tube (step 1) , we next choose our circuit (step 
2) . Because the driver stage is on a separate 
chassis, link coupling is desirable. Conse- 
quently, the circuit of Figure IB is chosen. 

3. The power input is 500 watts under the 
following typical ICAS conditions given in 


the tube data: 

DC Plate Voltage 2250 volts 

DC Grid-No. 3 Voltage 0 volts 

DC Grid-No. 2 Voltage 400 volts 

DC Grid-No. 1 Voltage —155 volts 

Peak RF Grid-No. 1 Voltage 275 volts 

DC Plate Current 220 ma 

DC Grid-No. 2 Current 40 ma 

DC Grid-No. 1 Current (Approx.) 15 ma 

Driving Power (Approx.) 4.0 watts 

Power Output (Approx.) 375 watts 

4. The peak plate voltage is 1910 volts 
(2250x0.85). 


5. The plate load resistance, obtained from 
the Nomograph, is about 4900 ohms. 

6. Also from the Nomograph, the reactances 
Xc and X L required for a plate load of 4900 
ohms at 40 meters are 800 ohms for each sec- 
tion of the plate tank, and 400 ohms for the 
grid tank. 

7a. Figure 3 shows that: (1) The capacit- 
ance of each section (Cp) of the split-stator 
plate-tank capacitor is 27 /x/xf at the mid- 
frequency. A capacitor of 50 /x/xf (each sec- 
tion) should be used to provide adequate 
band coverage. (2) The inductance of each 
section of the plate-tank inductor is 17 /xh. 

7b. Figure 4 shows that: (1) The capaci- 
tance of the grid-tank capacitor is 55 /x/xf 
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at the mid-frequency. A capacitor of 100 fi/i f 
should be used to provide band coverage. 
(2) The inductance of the grid-tank inductor 
is 8.9 juh. 

8 a. Figure 8 shows that rotor-to-stator 
spacing for each section (C P ) of plate-tank 
capacitor for a peak rf plate voltage of 
1910 v = 0.06", minimum. (For telephony 
service, the peak rf plate voltage is 2 x 1910 
v = 3820 v, and the spacing would be in- 
creased to 2 x 0.06" = 0.12", minimum.) 

8 b. Figure 8 also shows that rotor-to-stator 
spacing of grid-tank capacitor (C G ) for a 
peak rf grid voltage of 275 v = 0.01", 


minimum distance (approximately). 

9a. Step 7a showed that the plate tank in- 
ductance required is 17 /di for each section, 
or a total inductance of 34 ph. Referring to 
Figure 5, we find curves for 1-inch, 2-inch, 
and 3-inch diameter coils. The table of wire- 
sizes shows that No. 10 wire is suitable for 
a tank coil used in conjunction with a tube 
having a 375-watt power output. 

The Wire Table in Figure 5 shows that the 
maximum number of turns per inch for No. 
10 wire is 9 turns. Referring next to the curves 
in Figure 5 (for three representative coil-form 
dimensions) , we find that an inductance of 
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34 yh requires 56 turns on a form having a 
1" diameter and a 2" length, 41 turns on a 
form of 2" diameter and 4" length, and 32 
turns on a form 3" in diameter and 6" in 
length. However, we have already noted that 
no more than 9 turns per inch can be wound 
with No. 10 wire, so it is clear that the coil 
form of 3" diameter and 6" length is the only 
one of the three which allows the necessary 
number of turns of No. 10 wire for an induct- 
ance of 34 /Ji. (For the experimenter willing 
to design coils using coil forms other than 
those used for the curves in Figure 5, the 
equation shown with the curves will be of 
value. ) 

9b. Step 7b showed that the grid-tank in- 
ductance required is 8.9 /xh. Referring to 
Figure 5 again, with a tank inductance of 8.9 
/xh, and with #18 wire (suitable for power 
levels below 75 watts) , we find that 30 turns 
on a 1-inch coil diameter and a 2-inch wind- 
ing length provide the inductance required. 

10. From the circuit shown in Figure IB 
and from the “Miscellaneous Circuit Compo- 
nents Chart,” Figure 6, we find that the fol- 


lowing additional components, with indicated 
ratings, are required: 

CAPACITORS 

Capacitance Working Voltage Type 



Volts (Minimum) 

Bypass: 

Filament, Cf 
0.001 to 0.01 uf 


200 

Disc Ceramic 

Grid-No. 1, C G i 



0.001 uf 


200 

Disc Ceramic 

Grid-No. 2, Cg 2 
0.001 to 0.005 uf 

400 

Disc Ceramic 

Plate, C B 

0.001 fxi 


2250 

Mica 

Neutralizing, C 
0.5 /x/xf max. 

N • 

4500 

Variable- Air 


RF CHOKES 


Inductance 

Current Rating 


mh 

Ma (Minimum) 

Type 

Plate : 




2.5 


220 

Any 

Grid No. 1 : 

2.5 


15 

Any 
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That’s all there is to it. You’ve designed a 
complete final stage, to the required specifi- 
cations. If you’re in a rush to get “on the 
air,” you can stop reading right now and plug 
in your soldering iron. The balance of this 
article is a discussion of the various charts 
and tables, with some thoughts on plate tank 
circuits in general. 

Basic Circuits 

The circuits discussed in this article were 
selected for the following reasons: 

1. They are very popular. 

2. They are easily adjusted and require no 
special balancing. Neutralization is simple 
and straightforward. 

3. All components can be easily obtained, 
and are available in great variety at relatively 
low cost. 

4. There is less likelihood of TVI from 
single-ended balanced tank circuits than there 
is from the average push-pull amplifier. 

5. A balanced tank circuit with link coup- 
ling allows easy installation of a low-pass filter 
designed to work on 50- or 75-ohm lines. 


The Nomograph 

The Nomograph (Figure 2) provides a 
simple method for solving a set of equations 
with reasonable accuracy. It indicates the 
proper plate load for any tube operating at a 
power level between 10 and 1000 watts and at 
dc plate voltage between 165 and 3500 volts. 
The Nomograph also relates “plate load” and 
“operating frequency” to the proper value of 
capacitive and inductive reactance required 
in the tank circuit. (It is important that the 
reactances Xc and X L , along with loaded Q, 
be the specified values, to ensure proper plate 
loading and good circuit efficiency.) The 
Nomograph, used in conjunction with the 
single-ended balanced tank circuits shown 
in Figures 1A and IB, also aids in the selec- 
tion of a tube suitable for use with these cir- 
cuits, as discussed under “Tube Selection.” 

To permit the use of practical values of tank 
C and L over the amateur bands from 80 
through 10 meters, the Nomograph has been 
designed so that suggested values of loaded 
tank Q vary with the amateur band being 
used (Q increases with frequency). 
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Plate Tank Circuit Considerations 

As mentioned in “Tube Selection,” the 
minimum value of the tuning capacitor is an 
important consideration for operation at the 
higher frequencies. It is good engineering 
practice to select a capacitor having the low- 
est possible minimum capacitance because, 
whenever circuit constants are such that the 
tube output capacitance becomes a major con- 
sideration, a capacitor of low minimum value 
will allow more flexibility in the choice of the 
amplifier tube. 

Regarding tuning-capacitor range, calcula- 
tions show that, for tuning the amateur bands, 
the maximum percentage change in capaci- 


tance from the value at mid-frequency is 
approximately ±15%. As a safety factor, a 
tuning capacitor having a minimum tuning 
range of ±30% should be adequate. Before 
testing a new amplifier, it is advisable to use 
a grid-dip oscillator to check the tuning range 
of each tank circuit with tubes in their sockets 
but no voltage applied. 

Neutralization 

Most class-C amplifiers must be neutralized 
in order to prevent self-oscillation. Triodes 
always require neutralization when used in 
the circuits shown in this article, whereas 
beam power tubes or pentode tube types may 


NUMBER OF TURNS 


— 

i i i i i n 


















ric 

jure 

5. L 

oil L 

urve 

s. 



.'bj 

\ 

fa 

>| 

{A 

— 

I* 

> 





H 

h 

y 



' 










r 

/ 

< 




\ 
















z 



z_ 





7" 















> 



z 




















> 

r 






z 
















J 

T 


7 




z 

















T 


j 




Z: 


















r 


f 



z 


















y 


/ 



/ 


















A 

r 

J 

7 


J 

7 


















Z 


z 


j 

7 


















J 

r 

A 


A 

z 



















1 

7 

r 

/ 

7 



















7 

f— 

T 

A 

7 

i 

H 


-A 


H 


L IL 

h = 

0.2 

d 2 , 

2 






rrxrxN 3d+9i 







TZ 

/ 


tz 


!~ , 7 


l«K«MVAVM9nH 

IB mm 







T 

/ 

J 



_ 1 


5 _ 






/ > 


WA 






mi 

WA 


m 





















n 

PI 

in 

m 




_ 




















— 

— 

— 

— 

— 

— 


s 

WM 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 








Mi 

—j 























■ 

VI 

n 

Hi 











- c 

' 1 ~9 

r— 


A A 


T D 

T 




n 

fl 

fj 

■ 


" P 

UWLK LtVLL Wir^C Oltc. mm/v. i.r.j.. 

WATTS B&S* (ENAMEL) - 

UP TO 75 *18 23 

UP TO 250 *14 15 

UP TO 1000 *10 9 _ 

THIS WIRE SIZE WILL HANDLE RF CUR- 
RENT IN LOADED TANK. CURRENT IN AN 
UNLOADED TANK AT RESONANCE MAY BE - 
HIGH ENOUGH TO DAMAGE COIL. _ 

■ 

u 

V 

a 

■ 

■ 

■ 

■ 

Vi 

U 

■ 


■ 

1 

1 

n 

i 

1 

1 

1 

1 

nr 













■HI 





























— 

Iff] 

VI 























IHI 

lii 

111 

■ 














____ 











— 

— 

■ 


4 . 

I 

UJ 

O 

o 

D 

O 

z 


NUMBER OF TURNS 



October, 1955 


RCA HAM TIPS 


7 


require neutralization or may not. 

When input and output circuits of beam 
power tubes or pentode tube types are effec- 
tively isolated and good bypassing is em- 
ployed, it is generally not necessary to pro- 
vide for neutralization. However, it is difficult 
to build such an amplifier and, therefore, 
many amateurs are confronted with the prob- 
lem of a self-oscillating amplifier when a new 
final is tested. Because the inclusion of a small 
neutralizing capacitor during the building of 
a new amplifier is a comparatively simple 
task, the capacitor is a worthwhile addition 
in view of its contribution to stable operation. 

Neutralizing capacitors required for beam 


power tubes and pentode tube types are 
usually on the order of ^4 /x/xf. If it should 
prove difficult to obtain a neutralizing capa- 
citor of this low value, it is a simple matter 
to construct your own. The capacitor shown 
in Figure 7 is variable from about 1 fxfxi to 
0.06 /x/xf, and will be adequate for most beam 
power tubes or pentodes. For those wishing 
to design their own neutralizing capacitor, the 
equation A — 4.5 Cd is suitable, where A is 
the area of one plate in square inches ; C is in 
ixfxi (approximately twice the grid-No. 1-to- 
plate capacitance is an appropriate value) ; 
and d is the distance between plates in inches 
(see Figure 8 for minimum spacing). 


Value 

Figure 6. Miscellaneous circuit-components chart. 

CAPACITORS 

Minimum DC Working Voltage — Volts 

Type 

COUPLING, C c 

0.0001 /if 

Telegraphy AM Telephony 

E b b of driver E bb of driver 

Variable, air; 


+E ffl of driven stage +E gi of driven stage 

or fixed mica 

BYPASS: 

Filament', C F 

0.001-0.01 Mf 

200 200 

Disc ceramic 

Grid No. 1, C G i 

0.001 /if 


Disc ceramic 

Grid No. 2, C G 2 
0.001-0.005 /if 

E g 2 2 x E ,2 

Disc ceramic 

Plate, C B 

0.001 /if 

Ebb 2 x E bb 

Disc ceramic 

NEUTRALIZING, C N 

2 x Grid No. 1— plate 
capacitance (Max.) 

2 x Ebb 4 x Ebb 

Variable, air 

Value 

RF CHOKES 

Current-carrying Capacity 

Type 

GRID 

2.5 mh (Approx.) 

At least Igi 

Any 

PLATE 

At least l p 

Any 

2.5 mh (Approx.) 
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A SECONDARY FREQUENCY STANDARD 

By R. M. Mendelson, W20K0 

RCA Tube Division, Harrison, N. J. 

W20K0 set out to design a frequency standard for ham use that would equal 
or surpass the performance of many commercial units. After reading his article 
most hams will be inclined to 
agree he has succeeded admir- 
ably. Here is a secondary fre- 
quency standard that can be 
built by the average ham with 
little difficulty and, more impor- 
tant, at low cost. It provides 
accurate and highly stable 
10-Kc, 100-Kc, and 1-Mc mark- 
ers, with the 1-Mc markers read- 
able up to 250 Me. In addition 
to marking the ends of amateur 
bands, it may be used for 
receiver calibration, for fre- 
quency measurement of received 
signals, for supplying an occur 
and as a signal generator for intermediate-frequency or front-end alignment. 



“The licensee of an amateur station shall pro- 
vide for measurement of the emitted carrier 
frequency ... of sufficient accuracy to assure 
operation within the frequency hand used." 
(FCC Regulation 12.135) 

A versatile frequency standard providing 
1-Mc harmonics readable to at least 250 Me, 
100-Kc harmonics readable to 150 Me, and 
10-Kc harmonics readable to 30 Me is de- 
scribed in this article. The fifth harmonic of 
the 1-Mc oscillator may be set to within less 
than 1/2 cycle of the 5-Mc signal of WWV— 
the radio station of the National Bureau of 
Standards. This is an accuracy of better than 
one part in 10 million. And, if the instrument 
is allowed to warm up, its setting after 24 


hours of operation in a room of fairly con- 
stant temperature will still be within 5 cycles 
of the 5-Mc signal of WWV— a drift of no 
more than one part per million. These figures 
may be more clearly appreciated when it is 
realized that the dials of the most expensive 
amateur communications receivers have divi- 
sions no smaller than 1 Kc, and are readable 
at best to 500 cycles. 

The complete schematic diagram of the 
unit is shown in Figure 1. A cathode-coupled 
crvstal oscillator circuit utilizing an RCA- 
12AT7 (Vi) operates at a fundamental fre- 
quency of 1 Me. One triode section of Vi 
operates as a cathode follower, the other 
triode section as a grounded-grid amplifier. 
The crystal and capacitor C 4 act as a series- 
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V U V 2^ V 3^k R25 


4 W 


1 17 V 
60 CPS 


L2 *26 


C I5'T'_ c l6-p_ R27< 


V 4 

5Y3-GT 


5-p_ 


Figure 1. Schematic diagram and parts list. Positions of the three-pole ganged switch SI are as follows: 1 - Off; 
2-Standby; 3-1 Me; 4-100 Ke; 5-10Kc (SI shown in 100-Kc position). SI switches three circuits, but only two 
switch sections are needed because SlA and S1 b are on opposite faces Of same section. 


15 MAif silver mica (Sangamo RR-1415). 

50 uu f variable, with lock (Hammarlund APC-50C). 
500 ju/uf silver mica (Sangamo RR-1350). 

2000 ju/uf silver mica (Sangamo CR-1220). 

2500 fijuf mica (Elmenco CM-30). 

270 n *if silver mica (Sangamo RR-1327). 

100 ixuS silver mica (Sangamo RR-1310). 

1000 ixtf silver mica (Sangamo RR-1210). 

1500 nuS silver mica (Elmenco CM-30). 

.01 Aif ceramic (Erie GP-333). 

40 w f, electrolytic, 500 WVDC (Mallory FP-288). 
Fuse, 3 AG, 2 amp. 

Plate tank inductance (Grayburne Varichoke V6). 

See text for modification. 

Filter choke, 8 h, 85 ma (Stancor C1709). 

Pilot light, 6-8v (#40 or #47). 

100,000 ohms ± 5%, 1 watt. 


: 5%, 1 watt. 


3.000 ohms ± 5%, 1 watt. 

10.000 ohms ±5%, 1 watt. 


Chassis 

Cabinet with Panel 

Turret Sockets 
Crystal Socket 
Binding Posts 


200 ohms ± 5%, 1 watt. 

5,500 ohms ± 1%, 1 watt (Continental Carbon XI). 

Potentiometers, 5,000 ohms (Clarostat 58-5000). 

7,450 ohms ± 1%, 1 watt (Continental Carbon). 

39.000 ohms ± 5%, 1 watt. 

51 ohms ± 5%, 1 watt. 

1.000 ohms ± 5%, wire-wound, 10 watts. 

3.000 ohms wire-wound adjustable, 10 watts 
(Ohmite 1029). 

82.000 ohms ± 5%, 1 watt. 

3-pole, 5-pcxsition ceramic rotary switch (Cen- 
tralab sections GG, R, and index assembly 
P121). See text for modification. 

Power transformer, 320-0-320 v, 70 ma; 5 v, 2 
amp-, 6.3 v, 2.5 amp. (Stancor PC8408). 

Crystal, 1 Me ± .0025%, hermetically sealed 
(International Crystal Manufacturing Co. FX-1). 

Miscellaneous 

7" x 9" x 2", steel (Parmetal C-4511). 


123/4" x 8" ’x 8V2", steel (Parmetal 
CA-300). 

9-pin (Vector type 6N9T). Three needed. 
Ceramic (Millen 33302). 

(Superior 5-way). Two needed. 
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resonant circuit between the two cathodes. 
Because the crystal operates in a low- 
impedance circuit, it is affected only slightly 
by variations in tube or stray capacitance 
across it. 

The fundamental frequency of the crystal 
oscillator circuit may be varied several hun- 
dred cycles by adjustment of C4. This flexi- 
bility eliminates the need for a specially 
calibrated crystal and allows any well-designed 
hermetically sealed crystal to be used. 

Li and C 2 form a circuit that is parallel- 
resonant at 1 Me and serves as the plate-load 
impedance for the grounded-grid amplifier. 
C 3 provides feedback to the grid of the 
cathode follower. The RCA-IN34-A diode 
provides high harmonic content in the 
cathode-follower output. 

V 2 and V 3 , also RCA-12AT7’s, are cathode- 
coupled multivibrators operating at 100 Kc 
and 10 Kc, respectively. V 2 is controlled by 
the injected 1 -Mc signal from the crystal, 
and is synchronized at the proper sub-har- 
monic by adjustment of R 9 . V 3 is controlled 
by the injected 100 -Kc signal from V 2 and is 
synchronized at the proper sub-harmonic by 
adjustment of R 19 . 

The stability of this frequency standard is 
enhanced by voltage regulation of the power 
supply and by careful layout that keeps heat 
away from the crystal. 

Construction 

Although the oscillator is, in itself, very 
stable, its best performance can be obtained 
only with sturdy construction. Toward this 
end, turret sockets are used for the three fre- 
quency-generating stages. The terminal lugs 
on the turrets hold the small parts rigidly 
and minimize the effects of vibration or 
shock. To minimize rf losses, bus wire leads 
are used extensively. And finally, only 
“quality” parts are used. The advantage of a 
resistor or capacitor that will hold its value 
with age more than offsets the few cents 
extra in cost. 

The placement of components has been 
carefully designed to keep heat sources away 
from the crystal and the one-megacycle tuned 
circuit, and it is suggested that the builder fol- 
low the layout illustrated in Figures 2 and 4. 

Instead of the usual practice of fastening 
the chassis to the lower portion of the panel, 
this chassis is bolted to the panel about half- 
way up. This arrangement allows freer circu- 
lation of air within the cabinet, and at the 
same time yields a neater panel appearance. 
Two screws through the back of the cabinet 
support the chassis from the rear. 

To provide a small, sturdy coil (Li) for 


the 1 -Mc tuned circuit, it was deemed best to 
use a commercial slug-tuned coil. However, 
the coil specified in the parts list had slightly 
too much inductance to resonate at 1 Me in 
the circuit as built at W20K0. Rather than 
pull turns off the heavily waxed coil, a small 
brass slug 11/16" long by * 4 " in diameter 
(cut from an old potentiometer shaft) was 
used in place of the original iron slug in the 
coil form. The iron slug was removed and the 
brass one cemented into the open end of the 
coil form, flush with the end of the form. This 
brass slug lowered the inductance of Li 
sufficiently to allow it to resonate at 1 Me 
with C 3 and the associated stray capacitance. 
[ The 1-Mc coil LS-3 manufactured by 
Cambridge Thermionic Corp . should resonate 
without modification in this circuit . Ed.] 

The other item to be modified is the ceramic 
switch. If the switch is assembled from the 
components specified in the parts list, it is 


VALUABLE DATA FOR HAMS 

A revised and enlarged edition of the 
RCA Receiving Tube Manual— for many 
years the amateur’s guide to electron tubes 
and circuits— is now available from your 
RCA tube distributor. 

Like former editions, the latest Manual 
contains a well-rounded section on elec- 
tron-tube theory, tube characteristics and 
applications. Another section contains 22 
schematic diagrams illustrating tube appli- 
cations. And this new 336-page edition 
features a 26-page supplement filled with 
data on 51 tube types recently added to the 
RCA line. 

All-in-all, the revised RCA Receiving 
Tube Manual (RC-17) belongs close to 
hand in every ham shack. 

While you’re at it, ask your RCA tube 
distributor to show you the newest edition 
of RCA’s popular Power and Gas Tubes 
Booklet (Form PG-101B) . This completely 
revised 24-page booklet contains the latest 
technical data on 178 vacuum power tubes; 
gas, mercury-vapor, and vacuum rectifier 
tubes ; gas and mercury-vapor thyratrons ; 
ignitrons; magnetrons; and vacuum- 
gauge tubes. Each tube type is covered by 
a text description, tabular data, and a base- 
or envelope-connection diagram— all easy 
to locate and highly informative. In addi- 
tion, photographs are shown of many 
representative tube types. No matter what 
your interest is in power or gas tubes and 
their applications, the new RCA Power and 
Gas Tubes Booklet is sure to be of value. 
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only necessary to hacksaw carefully through 
the shorting ring of the GG section, drill out 
one rivet and remove part of the ring, as 
shown in Figure 3. This modification pro- 
vides single-knob control for application of 
high voltage to the proper tubes as the various 
output frequencies are selected. 

Adjustment 

After the wiring has been carefully checked, 
adjust R 2 6 to about 2000 ohms, and insert a 
50-ma meter in series with the string of volt- 
age regulator tubes (at point X in Figure 1) . 
Apply ac power by rotating the control knob 
to “Standby.” After warm-up, note the cur- 
rent flowing through the regulator tubes. A 
value of 30 ma is desired. Shut off the power and 
adjust R .26 accordingly. It will later be noted 
that as Vi, V 2 , and finally V 3 are put into 
operation by the control switch, the regulator 
current will drop, due to current drain by 
these tubes. If 30 ma of regulator current flows 
during standby, there should still be a slight 
current flowing in the 10-Kc position, when 
all tubes are operating. 

Loosely couple the frequency standard to a 
communications receiver. With capacitors C 2 
and C 4 at mid-position, turn the control 
switch to the “1 Me” position and locate a 
low harmonic signal at, for example, 2, 3, or 
4 Me. With the receiver beat-frequency oscil- 
lator turned off, adjust C 2 for a maximum 
reading on the receiver’s S-meter. It should 
now be possible to detect clean, strong, signals 
at 1-Mc intervals up to well over 250 Me. 

To adjust the 100-kc multivibrator, set 
potentiometer R 9 to mid-position and tune the 
receiver to a band where continuous coverage 
of at least 1 Me is available. It is now best to 
operate with the receiver bfo turned on. 
Locate and note two points on the dial 1 Me 
apart by tuning in signals from the standard. 
Rotate the control switch to the 100-Kc 
range, and tune in one of the multivibrator 
harmonics between the 1-Mc markers. If R 9 
happens to be set properly, the note should be 
clean; if the note is rough, adjust R 9 to give 
a steady, controlled signal. Then, starting at 
one of the previously noted 1-Mc marks, tune 
the receiver through the range to the other 
marker. Numbering the first 1-Mc marker as 
“1”, there should be 11 markers up to and in- 
cluding the last 1-Mc marker note. If there 
are less, increase R 9 ; if more, decrease R 9 to 
obtain control at the correct sub-harmonic of 
1 Me. Repeat the process until the proper 
number of markers are counted. These should 
be clean signals, with no rough notes between. 
In this condition, signals should be heard in 
a good receiver to well over 150 Me. 


To adjust the 10-Kc multivibrator, set 
potentiometer R i9 to mid-position and tune 
the receiver to a band where a continuous 
coverage of at least 100 Kc is available. As 
above, locate two end points— this time 100 Kc 
apart— and then rotate the control switch to 
the “10 Kc” position. Proceed as before. Tune 
in a signal between the 100-Kc markers, ad- 
just R i9 for a smooth note, then count the 
notes between the end markers. Adjust R i9 
for a count of 11 clean beats (including the 
end markers) . 

At this point, check that the voltage regu- 
lator tubes are still glowing. Although the 
glow should be faint, the current reading on 
the meter should be about 8 to 10 ma. If it 
is not, readjust R 26 , after shutting off the 
power. The meter may now be removed from 
the circuit. 

Before proceeding with the final adjust- 
ment of the crystal oscillator it is well to age 
the components for about 48 hours with the 
switch set for 10-Kc signals. After aging, 
check the multivibrators for proper synchron- 
ization. After this check, the frequency 
standard is ready for calibration against WWV. 

The standard may be calibrated by match- 
ing the proper harmonic of its 1-Mc signal 
against either the 5-Mc or 10-Mc signal of 
WWV. It should be noted that there are a 
number of methods of frequency-matching 
more accurate than the system of eliminating 
an audible beat note. The method used at 
W20KO was similar to that described on p. 
462 of the 1955 ARRL Radio Amateur’s 
Handbook. By this method (using the re- 
ceiver bfo) , the standard was set with ease to 
within less than % cycle of WWV’s 5-Mc sig- 
nal, as noted earlier in this article. 



Figure 2. Top view of chassis. A portion of the 
chassis deck is cut away to clear switch SI. 
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Figure 3. SlA face of switch section GG 
before modification. (SlB is on opposite 
face of this section.) Saw through switch 
plate along line X-X 7 . Drill rivet "A" until 
it is loose, but do not remove. Drill rivet 
"B" and remove. Remove portion of 
switch plate to right of line X-X 7 . Crimp 
rivet "A 77 tight again. (Rivet "A 77 helps 
secure SIbO 


Figure 4. Bottom view of chassis. Note brass slug mounted inside the coil form of Li. 
The placement of components has been designed to keep heat sources away from 
the crystal and the 1-Mc tuned circuit (L 1# C 2 ); turret sockets allow neat, sturdy con- 
struction. It is suggested that the builder follow this layout as closely as possible. 
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HAM-BAND CHARTS 


Useful Data on Ham Bands from 1.8 to 148 Me 


i 


One of the most popular items ever to 
appear in RCA Ham Tips was the amateur- 
band frequency graph printed in the Sep- 
tember-October, 1949 issue. In response to 
many requests from hams, we are devoting 
this issue to printing an up-to-date revision 
of that graph, plus other data thrown in for 
good measure. 


Figure 1 is a graph showing the harmonic 
relation between the six amateur bands from 
10 to 160 meters. It is designed to replace the 
slide-rule-and-aspirin method of solving a 
number of common amateur problems. 

Some examples : 

(a) You have a 7,080-Kc crystal you want 
to use— in conjunction with multiplier stages 
—for operation on the 20-meter band. Instead 
of reaching for pencil and paper, glance at 
Figure 1. Run your eye down the line marked 
7.08 Me until you reach the 20-meter bars. 
You find that everything is OK if you plan to 
work CW or TT. If you’re a ’phone man, 
you’d better reach for another crystal. 

Conversely, Figure 1 may be used to deter- 
mine quickly the ranges to be covered by in- 
termediate stages as you multiply to higher 
frequencies. 

(b) You decide that most of your time will 
be spent working ’phone on the 20-meter 
band. Your present VFO covers the range of 
3,500 to 4,000 Kc. Figure 1 shows you that 
(after multiplying frequency) only 1/20 of 
your VFO dial will be useful to you. A modi- 
fication of the VFO bandspread system might 
be in order. Thus Figure 1 is also useful for 


determining the relative sizes of these six 
bands as you multiply frequency. 

Figure 2, on the other hand, shows the 
absolute sizes of the ham bands from 10 to 
80 meters. (The 160-meter band is not shown 
here because it is sub-divided on a geograph- 
ical basis.) For example, this graph makes it 
clear that there is 12 times as much room on 
the ’phone portion of the 10-meter band as 
there is on the ’phone portion of the 20-meter 
band. 

Because the 2-, 6-, and 11-meter bands are 
not easily related to the lower bands, they are 
treated separately. Figure 3 is a chart that 
shows useful sub-harmonics of the band limits 
of these three bands. For example, Figure 3 
shows that a VFO covering the range of 8.000 
Me to 8.222 Me would— after the frequency 
had been multiplied 18 times— spread the 2- 
meter band across the entire dial. Or, if you 
have a 6,770-Kc crystal, Figure 3 indicates 
that after quadrupling you would be within 
the limits of the 11 -meter band. 

Note that frequencies in Figure 3 have been 
rounded off (where necessary) on the “high 
side” at the lower band-edge limits, and on 
the “low side” at the upper band-edge limits. 

All data shown in Figures 1, 2, and 3 repre- 
sent the latest FCC rulings. Don’t take it out 
on Ham T ips if you hear other services oper- 
ating in “ham bands.” Regulations in other 
parts of the world may allow broadcast, aero- 
nautical or other services to use portions of 
these bands. Similarly, some foreign hams 
may be permitted to use ham bands slightly 
larger than ours. They may be “in the clear” 
—but you won’t be if you try to zero-beat 
them. 
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Figure 1. Graph of amateur bands from 10 to 160 meters, showing sub-band allocations and the harmonic relation between bands. 
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CW telegraphy. 

AM 'phone, narrow-band frequency- or phase-modulated 'phone. Effective March 16, 1956, 
tone-modulation for code practice also will be allowed when interspersed with appropriate 
voice instructions. 

Frequency-shift keying. 

Frequency modulation ('phone or telegraphy) , 

160-Meter Band. Consult nearest FCC office for local regulations covering use of this band. 
Novice (CW telegraphy, crystal controlled, maximum power input of 75 watts). 
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Figure 2. Graph of amateur bands from 10 to 80 meters, showing extent of each band in kilocycles. Key for sub-band allocations same as in Figure 1. 
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Figure 3. Frequency division chart, showing useful sub-multiples of the upper and lower ends of the 2-, 6-, and 11 -meter amateur bands. 
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VERSATILE MODULATOR 

by Peter Koustas, W2SGR 

RCA Tube Division, Harrison, N. J. 



The modulator described in this article can 
furnish any audio power between 25 and 100 
watts and, therefore, can modulate 100 % any 
rf input power up to 200 watts. Maximum 
power output is determined primarily by the 
plate voltage applied to the modulator tubes. 
No circuit changes are necessary when the 
power output level is changed other than in 
the connections to the proper taps on the 
modulation transformer. 

The input circuit, which will accommodate 
any type of microphone, utilizes a transistor 
because of its low power consumption. The 
stability and low noise factor of the RCA- 
2N104 made it a logical choice for this 
application. 

Circuit Description 

A schematic diagram of the modulator is 
shown in Figure 1. 

The transistor circuit given here is straight- 
forward and not at all critical. The RCA- 
2N104 is a germanium alloy-junction transis- 
tor of the p-n-p type intended especially for 
small-signal audio applications. It is shown 
connected here in a common-emitter, base- 
input circuit. This method of transistor 
operation is analagous to common-cathode 
operation of a vacuum tube triode — with the 
base, emitter, and collector of the transistor 
corresponding to the grid, cathode, and plate, 
respectively, of the vacuum tube. 


However, unlike the vacuum tube, which 
has a high input impedance at audio frequen- 
cies, the input impedance of the 2N104 in the 
circuit shown is approximately 1,000 ohms. 
Thus, low-impedance microphones (e.g. : car- 
bon or dynamic types) may be used in this 
circuit without matching transformers. Cry- 
stal microphones, and other high-impedance 
types, do require a matching transformer in 
this circuit and one has been provided (Ti). 

The RCA-12AT7 is a twin triode with two 
identical sections, each having a /* of 60. One 
section is used to provide a second stage of 
voltage gain; the other serves as the driver 
stage for the modulator tubes. In order to 
take advantage of the full gain afforded by 
the transistor, an impedance-matching, 3-to-l 
step-up transformer is used between it and 
the input to the second stage. Modulation 
level is controlled by a 250,000-ohm potenti- 
ometer in the grid circuit of the first section 
of the 12AT7. Resistance coupling is used 
between the second and third stages of the 
modulator. Decoupling between stages is pro- 
vided by Ri 6 and C 9 . Driver requirements are 
very modest, since no power is required to 
drive the modulator to full output. The second 
section of the 12AT7 develops adequate drive 
with no difficulty. 

The outstanding features which make the 
RCA-6146 such a proven performer in rf 
service are the very reasons this versatile tube 
was chosen for the output stage of this modu- 
lator: high perveance and high power sensi- 
tivity. The high perveance of the 6146 allows 
this modulator to operate efficiently at low 
power levels with relatively low plate voltage. 
The high power sensitivity of the 6146 en- 
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Figure 1. Schematic diagram and parts list 

Ci 500 ///if; mica 

C 2 16 /if, 12 v : miniature 

C 3 25 /if, 12 v : miniature 

C 4 ,6 25 /if, 25 v 

C 5 .01 /if, 400 v 

C 7 .002 /if, 400 v 

C 8 , 9 ,io 6 /if, 450 v 

Ci, 0.5 /if, 750 v 

C 1 2 005 /if, 1500 v ; mica 

C , 3 0.1 /if, 600 v 

Ci 4 , 15,16 20 /if, 150 v 

Ci 7 8 /if, 150 v 

Ji Jack (Amphenol 80F, or equivalent) 

J 2 Jack, (Mallory 703B, or equivalent) 

Mi Meter, 0-100 ma 

Ri 3,300 ohms, Vz watt 

R 2 220,000 ohms, V 2 watt 

R 3 , 11,13 1,000 ohms, V 2 watt 

R 4 470 ohms, Vz watt 

R 5 Potentiometer, 250,000 ohms 

R 6 2,200 ohms, Vz watt 

R 7 390 ohms, 1 watt 

R 8 ,9 270,000 ohms, Vz watt 

Rio 22,000 ohms, 1 watt 


R 1 2 , 1 4 47 ohms, 1 watt 

R 1 5 1,000 ohms, 1 watt 

Ri 6 2,200 ohms, 2 watts 

R ] 7 10,000 ohms, 25 watts; adjustable 

RFCi , 2 2.5 mh, 125 ma 

SRi Selenium rectifier, 65 ma (RCA-205G1, or 
equivalent) 

Ti Transistor input transformer, 200,000 ohms 

primary to 1,000 ohms secondary impedance 
(Argonne AR-100, or equivalent) 

T 2 Interstage transformer, single plate to single 
grid, 1:3 turns ratio (Stancor A-53, or equiva- 
lent) 

T 3 Interstage transformer, single plate to push- 
pull grids; 10,000 ohms primary impedance, 
1.5/ 1:1 primary-to-V 2 secondary ratio (Stancor 
A-4752, or equivalent) 

T 4 Universal modulation transformer, 100-115 

watts (UTC S-21, or equivalent) 

T 5 Filament transformer, 6.3 v, 1 amp (Stancor 
P-6134, or equivalent) 

TRi Transistor, RCA-2N104 

V, RCA-12AT7 

V 2(3 RCA-6146 


ables this modulator to deliver full power 
output with negligible power required from 
the driver stage. 

The 6146’s are operated class AB X for all 
power levels up to a maximum of 100 watts. 
A driver transformer (T 4 ) which has a tapped 
primary is used to provide push-pull signal 
voltage for the output tubes. If sufficient gain 
is not available for a particular microphone 
when using the 1.5-to-l tap, an additional tap 
on the primary can provide a primary-to-% 
secondary ratio of one-to-one. Two 1,000- 
ohm resistors in series with the grid leads 
of the 6146’s are used for the suppression of 
parasitic oscillations. The 47-ohm resistors 
in each plate lead serve the same purpose. 
Although these resistors are seldom necessary 
in audio equipment, it is always good practice 
to include them as a precautionary measure. 


The modulation transformer that was se- 
lected can handle the maximum power output 
of the modulator. (The difference in price 
between a 60- watt transformer and this 115- 
watt transformer is less than five dollars) . To 
determine the correct secondary impedance it 
is only necessary to divide the input voltage 
to the transmitter final by the normal opera- 
ting current. The correct primary impedance 
will range from 2,500 to 7,500 ohms, depend- 
ing upon operating voltage. Figure 2(b) is a 
plot of the minimum primary impedance re- 
quired to prevent tube damage, versus opera- 
ting plate voltage. 

Figure 2(a) is a plot of output power versus 
plate voltage applied to the 6146’s. To deter- 
mine the required modulator plate voltage 
for a particular transmitter, divide the input 
power to the final stage of the transmitter by 
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Figure 2. a) Power output vs plate voltage 

b) Minimum primary impedance vs plate voltage 


two, to get the audio power required for 
100% modulation. Now find the minimum 
plate voltage required from Figure 2(a). 

Higher plate voltages than those found 
from the above procedure may be used, and 
the modulation adjusted to the correct level 
by potentiometer R 5 . In any event, R 5 should 
be used for fine adjustment of modulation 
level. 

A few words of caution should be injected 
at this point. Never operate any modulator 
without having a load connected to the output. 
The high impedance of an unloaded trans- 
former secondary reflected into the primary 
will cause abnormally high signal voltages 
to be generated and will almost always cause 
the insulation of the transformer to be punc- 
tured. Also, to prevent damage to the 6146’s, 
never operate this modulator with the primary 
impedance of the output transformer below 
the value given in Figure 2(b) for the plate 
voltage being used. 

Construction 

Construction of the modulator is not dif- 
ficult and requires only normal care in wiring. 
It is built on a standard aluminum chassis 
5x13x3 inches deep and mounted on a rack 
panel 5Y4X19 inches. This method of con- 
struction has two distinct advantages: a) a 
minimum of panel space is required ; b ) more 
complete shielding is obtained by utilizing 
the panel as the bottom cover of the chassis. 

It is necessary to scrape the paint off the 
panel where the chassis comes in contact with 
it in order to insure a good rf bond between 
them. 

The leads to the input jacks and gain con- 
trol must be about five inches long, in order 
to allow assembly of the panel to the chassis 
after it is wired. It is therefore necessary to 
shield these leads to minimize any tendency 


towards stray hum and feed-back pickup. For 
maximum effectiveness, all parasitic-suppress- 
ing resistors must be mounted right at the 
tube socket, and directly on the plate cap. 

Power Supplies 

Two external voltage supplies are required 
by the modulator. 

The first supply is for the plates of the 
6146’s. The voltage rating of this supply will 
depend on the modulation power output de- 
sired, as determined from Figure 2(a) . Zero- 
signal drain on this supply will be between 50 
and 60 ma. At 750 v, maximum-signal drain 
will be approximately 230 ma. The power 
supply should be capable of supplying maxi- 
mum-signal current with good regulation. 

The second external power supply must 
deliver approximately 50 ma at 225 volts. 
This supply powers the 12AT7 and the screen 
grids of the 6146’s. It should never be turned 
on until after the plate supply has been turned 
on. Preferably, the supplies should be so 
wired that the plate supply must be on before 
the low-voltage supply can be energized. 

Operating voltage for the transistor and 
bias for the modulator tubes are supplied by 
an internal supply. This supply should he 
turned on before either of the above supplies. 
Again, sequential switching to ensure the 
proper order of energizing the supplies is to 
be preferred. Transformer T5 is a 6.3-volt 
filament transformer connected in reverse to 
obtain 115 volts from the 6.3-volt heater sup- 
ply. A selenium rectifier and RC filter (Ri 6 , 
C14, and C15), provide a negative voltage 
supply of —100 volts. Resistors Ri and R 2 
form a voltage divider between ground and 
the junction of R i7 and R 4 , which provides 
the 5 volts required to operate the transistor. 
Bias for the 6146’s is adj usted by moving the 
tap of Ri 7 to the appropriate point. 

Operation 

Other than usual precautions, there is no 
special procedure required to place the modu- 
lator in operation. The wiring should be 
thoroughly checked before any power is ap- 
plied. With the tubes but not the transistor 
inserted, apply 6.3 v to the heater- voltage 
input terminals. The bias voltage at the grids 
of the 6146’s should be set initially at maxi- 
mum and then adjusted when all other volt- 
ages in the modulator are applied so that the 
zero-signal plate current as read on the meter 
is approximately 55 ma. Before insertion of 
the transistor, the voltage between ground 
and the junction of R17 and R 4 should be 
measured. If it is between 4.5 and 6 v, plug in 
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Figure 3. Rear view of modulator 


the transistor. If the voltage at this point 
exceeds 6 v, a wiring mistake or a wrong value 
for R 4 may be the cause. 

The modulator may be tested separately by 
using a resistor of the correct value as a load. 
The resistor used should have the same re- 
sistance as the impedance of the secondary 
taps to which it is connected and should be 
of sufficient power rating to withstand the 


output of the modulator. Power output may 
be measured by applying an input signal and 
measuring the signal output voltage across 
the resistor. The output power will be 
(E rms ) 2 . Again, a warning: in no case should 

R 

the modulator be run without having a load 
connected to the secondary of the modulation 
transformer. 


Devices and arrangements shown or described herein may vse patents of RCA or others. Information contained 
herein is furnished without responsibility by RCA for its use and without prejudice to RCA's patent rights. 
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THE MAKE-YOUR-OWN MICROPHONE 

High Quality, High Output with a Transistorized Microphone 

By G. D. Hancheti, W2YM 

RCA Tube Division, Harrison, N. J. 


During the design of a mobile rig the 
author was recently confronted with the prob- 
lem of finding a suitable microphone. A car- 
bon microphone, although high in output, is 
noisy and of relatively uneven frequency 
response. A crystal microphone has good fre- 
quency response but is low in output and has 
the additional disadvantage — for mobile use 
especially— of temperature limitations. 

An attempt was made, therefore, to con- 
struct a microphone that would have good 
audio quality, be fairly high in signal output, 
be rugged enough for mobile ham use, be 
insensitive to unwanted electrical pickup, and 
still be within the price range of the average 
ham. This article describes the result; a sur- 
prisingly simple build-it-yourself microphone 
that meets all the given requirements. 

Because of the abovementioned limitations 
of carbon and crystal microphones, they were 
discarded in favor of a dynamic “mike.” The 
motor chosen for the microphone is the new 
RCA 239S1 2 x /% miniature PM speaker. The 
motor works into a one-stage, transistorized 
amplifier. Both motor and amplifier are con- 
tained in a small metal box that fits the hand 
comfortably. 

The output of the microphone’s built-in 
amplifier ranges between 0.75 v and 1.0 v 
measured across a load of 20,000 ohms or 
more. The audio quality of this microphone 
surpassed all expectations; in fact, for voice 
use it compared favorably with a so-called 
broadcast-quality crystal microphone. The 


total cost of the home-made “mike” (exclu- 
sive of the metal case, which was formed 
from sheet aluminum) was less than $10.00! 

Figure 1 is a schematic diagram of the 
microphone. An RCA-2N109 p-n-p junction 
transistor is connected in a common-emitter, 
base-input amplifier circuit. Degeneration, 
provided through R 2 , stabilizes the transistor 
against the effects of temperature variations. 
Push-button switch Si serves two functions: 
one pole (Sia) energizes the transistor ampli- 
fier; the other pole (Sib) can be used to 
control the transmitter. 
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Transistor battery, 9 v (RCA VS300, or 
equivalent). 

C i , 2 50 /if, 12.5 v. 

C 3 2.5 fil, 25 v. 

M, Microphone, RCA 239S1 2 Vs" miniature PM 
speaker. 

Pt Male plug, 2-contact (Amphenol 80-MC2M, or 
equivalent). 

R, 10,000 ohms, V 2 -watt. 

R 2 68,000 ohms, V 2 -watt. 

R 3 1,200 ohms, V 2 -watt. 

R 4 8,200 ohms, V 2 -watt. 

S, Switch, push-button, double-pole single- 
throw, non-locking. 

RCA-2N109 Transistor. 


Figure 1: Schematic diagram and parts list. 

Construction 

The microphone is assembled in an alumi- 
num box 3" L by 2 1 / 4” W by IV2" H. At 
W2YM the box was made by folding a sheet 
of aluminum cut to the proper pattern, weld- 
ing the corners, and applying a coat of paint 
to the outside. If no welding equipment is 
available, the aluminum may be bent to form 
lips that may be bolted together. The box 
may also be formed from brass or copper, in 
which case the edges can be soldered together. 

A 2-inch hole is cut in the front of the box 
to accommodate the 239S1 speaker. A piece of 
Reynolds “Do-It-Yourself” perforated alumi- 
num is placed over the hole, inside the box, 
to serve as a protective screen for the speaker. 

The transistor, its socket, and the associ- 
ated small components for the amplifier were 
mounted on a strip of linenized bakelite. Any 
good insulating material, however, can be 
used for the mounting board. Even cardboard 
should be suitable. 


The leads of the components are passed 
through #60 holes drilled through the mount- 
ing board. Where the leads come through the 
holes at the back of the mounting board they 
are bent into small hooks with a pair of long- 
nosed pliers. These hooks in the leads hold 
the components to the mounting board and 
also make for easy connection to the leads. 
Caution: be sure to observe polarity when 
connecting the capacitors. 

The mounting board is held in place inside 
the box by two of the screws that fasten the 
speaker. These two screws should be long 
enough so that the mounting board can be 
held above the speaker by two %"-long, 1 /i"- 
wide spacers. 

If the transistor battery is placed in the 
position shown in Figure 3 before the mount- 
ing board is fastened into place, it should be 
found that the mounting board— when finally 
fastened down — will serve to hold the battery 
in place. It might be wise, however, to stick 
a small piece of insulating tape on the inside 
of the box near where the negative terminal 
of the battery will be located. This precaution 
will remove any chance of the battery acci- 
dentally shorting to the box. 

The bass response of the microphone can 
be adjusted by damping the miniature speak- 
er. To obtain suitable damping, cover nine 
holes in the rear housing of the 239S1 with 
felt. The felt may be held in place with ordi- 
nary household cement. The tenth and last 
hole in the rear of the housing should be 
covered with a piece of fiber or cardboard 
that has a 1/32" hole drilled through for 
pressure release. Another pressure - release 
hole, this one Vs" in diameter, is drilled in 
the back cover plate of the microphone case. 
With this construction, the frequency re- 
sponse of the microphone is smooth through 
the range of 400 to 4,000 cps. Response, 
particularly at the low end, falls off rapidly 
beyond these limits — a desirable feature for 
a communications microphone. 

Actual construction time for this micro- 
phone should be no more than a few hours. 
The author believes that the finished product 
is the best microphone for amateur commu- 
nications now available. Try it and you’ll 
agree. 

The author wishes to thank J. Owens, W. 
Davies, F. Boryszewski, F. Wenzel, and J. 
Preston for their valuable aid or suggestions 
during the construction and testing of this 
microphone. 
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Figure 2: All components of the microphone and transistor amplifier. Note felt strips and fiber strip with small hole 
that are placed over the rear-housing holes of the speaker. Brackets to right of center are made from angle brass stock 
and are used to mount back cover on the case. One bracket has been cut away to clear grommet at bottom of case. 


Figure 3: Microphone case with rear cover removed. The terminal board also holds the transistor battery in place. 




From your local 
RCA distributor, 
headquarters for 
RCA receiving 
and power tubes. 

RCA HAM TIPS 
is published by the 
RCA Tube Division, 
Harrison, N. J. 

It is available free 
of charge from 
RCA Distributors 

• 

Harvey Slavik, Editor 
Charles Howard, W2QIH 
Technical Editor 


WHEN MAILING 
PLACE POSTAGE HERE 



FORM 3547 REQUESTED 



Devices and arrangements shown or described herein may use patents of RCA or others. Information contained 
herein is furnished without responsibility by RCA for its use and without prejudice to RCA's patent rights. 


New Technical Manual on RCA Transmitting Tubes 


Every ham will want a copy of RCA Trans- 
mitting Tubes, a 256-page manual published 
by the RCA Tube Division. A companion to 
the famous RCA Receiving T ube Manual 
RC-17, this new transmitting tube manual 
contains up-to-date comprehensive and au- 
thoritative technical data on 112 types of 
power tubes — including every “ham type” 
power tube in the RCA line, as well as tubes 
with plate-input ratings up to 4 Kw. Included 
in the manual are maximum ratings, oper- 
ating values, characteristic curves, outline 
drawings, and socket-connection diagrams. 

This manual contains 16 circuit diagrams 
showing the use of RCA tubes in representa- 
tive transmitting and industrial applications. 
These circuits include a VFO for 3. 5-4.0 Me; 
crystal oscillators for both fundamental and 
harmonic output; amplifiers for Class C Teleg- 
raphy Service and for Class C Plate-Modu- 
lated Service; modulators; an electronic bias 
supply ; transmitters for operation at 2 meters, 
10 meters, and 462 Me; and oscillators for 
dielectric and induction heating. 

Covering basic theory of power tubes and 


their application in an easy-to-understand 
style, RCA T ransmitting T ubes also contains 
valuable information for hams on generic 
tube types; tube installation and application; 
rectifier circuits and filters; interpretation of 
tube data; and the step-by-step design of 
af power amplifiers and modulators, rf power 
amplifiers, frequency multipliers, and oscilla- 
tors. Simple calculations are given for deter- 
mining proper operating conditions for tubes 
in class C telegraphy service, plate-modulated 
class C telephony service, frequency multi- 
pliers, and class AB and class B af amplifiers. 

Rapid selection of an RCA power tube or 
rectifier tube for a specific application is 
facilitated by a series of five classification 
charts immediately preceding the tube-data 
section in the new manual. 

A reference work that belongs in every ham 
shack, RCA Transmitting Tubes (Technical 
Manual TT4) may be obtained from your 
RCA tube distributor, or by sending $1.00 to 
Commercial Engineering, RCA Tube Divi- 
sion, 415 South 5th Street, Harrison, 
New Jersey. 
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VISUALIZING SWR 

'SWR Circle' Clarifies Mistaken Theories 

By Morton Eisenberg*, W3DYL 


Most amateurs have a working knowledge 
of Standing Wave Ratio (SWR) and are 
aware that it is preferable to have minimum 
SWR on feeders so that power lost in the an- 
tenna feeder is kept to a minimum. How- 
ever, this writer has heard numerous remarks 
on the air which indicate that many theories 
exist on the subject of how the SWR can be 
varied, including the erroneous idea that 
SWR can be varied by changing the length of 
the feeder. 

To help clear the air of such misinforma- 
tion, this article contains a graphical presen- 
tation of the relationship between the SWR 
on a transmission line and the length of the 
line. The presentation, usually referred to as 
the “SWR Circle,” shows how the feed-point 
impedance can be found when the SWR and 
electrical length of the transmission line are 
known. 

The SWR on the transmission line between 
the transmitter and the antenna coupler, “A” 
in Figure 1, can be varied by tuning and ad- 
j usting the coupler by inserting a device such 
as an impedance bridge in the “A” line. In 
this manner, a “flat” or nonresonant line 
(SWR = 1.0) can easily be realized. 

The SWR circle applies to the “B”-line. 
coupler to antenna or, if no coupler is used, 
transmitter to antenna. Although optimum 
tuning of the transmitter and coupler assures 
that the maximum rf power is being trans- 
ferred to the feeder terminals, it has no effect 
on the SWR. 

* Defense Electronic Products Division, Camden, N. J. 


In Figure 2, the SWR circle is plotted for a 
52-ohm cable. Similar SWR circles can be 
drawn for any other cable characteristic im- 
pedance and the procedure will be described 
later in this article. 

Referring to Figure 2, suppose an SWR of 
2:1 is measured on the “B”-line because a 
52-ohm coaxial feeder is terminated by a 26- 
ohm resistive antenna impedance. Depending 
on the feeder length, the feed-point impedance 
could be 26 ohms resistive at Point X, 104 
ohms resistive at Point Y, or any one of the 
infinite number of complex impedances, such 
as Point Z. Point Z represents a feed-point 
impedance of 65 ohms resistive in series with 
a 39-ohm inductive reactance. The conven- 
ient way to write this mathematically is: 
65 + J39. 

Point X is the feed-point impedance which 
is found when there is no feeder, or when the 
feeder length is equal to a half -wavelength or 
any multiple of a half-wavelength. Point Y is 
the feed-point impedance when the feeder is 
equal to a quarter-wavelength or odd mul- 
tiples of a quarter-wavelength. The feed-point 
impedance at Point Z is due to the feeder 
length being equal to one-eighth-wavelength. 

It should now be clear that varying the 
length of the feeder cannot vary the SWR on 
the “B” line, nor can it vary the feeder losses 
per foot. When the feeder length is increased, 
simply “go around the SWR circle” in a clock- 
wise direction. Remember that one full trip 
around the SWR Circle is equal to a half- 
wavelength of feeder. 
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The use of different feeder lengths to obtain 
variation in feed-point impedance is known 
to hams as “pruning the feeder to get the 
antenna to load.” “Pruning the feeder” is 
sometimes necessary because of the limited 
impedance-matching capabilities of the cou- 
pling circuits. In this manner, a feed-point 
impedance which will more easily match the 
feeder to the transmitter (or coupler) can be 
obtained. It is important to note that although 
the feeder length has been changed, the SWR 
remains constant. You are simply going to 
another point on the SWR circle. 

The SWR on transmission line “B” can be 
adjusted for minimum only by doing one of 
the following: (1) changing the transmitter 
frequency, (2) adjusting the length of the an- 
tenna element or elements, or (3) adding or 
adjusting a matching device at the junction 
of the antenna and the feeder. 

Adjusting SWR for Receiver Feeders 

The SWR situation on the receiver feeder 
is slightly different from the problems arising 
in transmitter feeders. In this case, the SWR 
is a result of a mismatch of the input imped- 
ance of the receiver and the characteristic 
impedance of the feeder. Consequently, the 
SWR can be adjusted to 1.0 by the use of a 
coupler at the input terminals of the receiver. 
This coupler is only necessary, of course, if 


the input impedance of the receiver is not 
equal to the characteristic impedance of the 

fpp/ipr 

Other SWR Circles 

For various cable characteristic imped- 
ances, SWR circles can be drawn by the pro- 
cedure in the following example : 

To draw a circle where the SWR = 3:1, 
with a 300- ohm line, the circle would 

cut the 100-ohm point — 100 J and 

the 900-ohm point (300 x 3 = 900) on 
the horizontal axis. The center to be 
used for the compass would be 

- “ 500. Setting the com- 
pass to a distance equivalent to 

15? — 400 units, with 500 as 

2 

the center, will complete the job. 

The SWR circle is an extremely simple 
method of visualizing the effect of an antenna- 
to-line mismatch on the feed-point impedance. 
It is also an easy, more understandable way 
of showing that varying the feeder length is 
a futile way to minimize losses. The SWR ( or 
the loss) remains unchanged. To accomplish 
a change in SWR (or to eliminate a line loss) 
for any specific frequency would require a 
climb up to your “sky-piece.” 
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AUTOMATIC CONELRAD ALARM 

Provides Constant Guard for Conelrad 'Alert 7 

by G. D. Hanchett, W2YM 

RCA Tube Division, Harrison, N. J. 


The recent rulings by the Federal Commu- 
nications Commission on Conelrad provide an 
excellent opportunity for amateurs who are 
| interested in practical gadgetry. The writer, 

being one of those practical gadgeteers, and 
desiring to comply with the recent FCC ruling, 
constructed the automatic Conelrad alarm 
unit described in this article. This alarm unit 
can be used with any of the popularly-priced, 
five-tube, ac-dc broadcast receivers. Only one 
minor modification of the receiver is required, 
and this modification in no way affects its 
utility as a home receiver. 

This Conelrad alarm unit does not require 
the use of relays. In addition, it emits a sound 
which is distinctive— there can be no mistake 
when the Conelrad “Radio Alert” is in effect. 

The alarm unit consists of an oscillator of 
approximately 400 cps, which is keyed by a 
multivibrator at about 1 pulse per second. The 
multivibrator is controlled by a dc amplifier 
operated by the automatic-volume-control 
voltage of the broadcast receiver. Heater 
power is obtained from a miniature 6.3-volt, 
1.0-ampere transformer. The “B” voltage 
(120 volts minimum, 250 volts maximum) is 
borrowed from the receiver. 

When the receiver is tuned to a broadcast 
station which provides 4 volts or more of avc 
voltage, the multivibrator triode section ( Vi b ) 
in series with the dc amplifier is held non- 
conducting. The second triode section (V 2 a ) 
of the multivibrator, consequently conducts 
continuously. Because the cathode resistor of 
the second triode of the multivibrator is in 



The automatic Conelrad alarm unit shown with the RCA 
model 6X5 series broadcast receiver. All components, 
except those visible in this view, are mounted on the 
underside of the cover plate. 

common with the cathode of the audio oscilla- 
tor triode section (Vi a ), the voltage drop 
across the cathode resistor is sufficient to cut 
off the audio oscillator and no audio tone is 
generated. 

When the Conelrad “Alert” is in effect, or 
when the broadcast station’s carrier leaves the 
air and there is no avc voltage, the dc ampli- 
fier starts to conduct and sets the multivibra- 
tor into oscillation. 

The multivibrator RC constants were 
picked so that it will oscillate at approximate- 
ly one cycle per second. Therefore, the audio 
oscillator is keyed “on” and “off” at this rate. 
The output of the oscillator is connected to 
the control grid of the audio amplifier of the 
receiver and a series of “beeps” is emitted. 
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Parts list: 

Cl— 0.001 m f 
C2 — 0.001 M f 
C 3 - 0.002 /if 
C 4 - 0.01 /if 
C 5 — 0.001 Mf 
C 6 — 0.25 Mf 
C 7 — 0.25 Mf 
Cg — 0.25 m f 
C9 — 0.05 Mf 
C 10 — 0.1 Mf 
Cu— 0.01 Mf 

L — indicator lamp, 6.3 volts, RCA-40 


Schematic and parts list for automatic Conelrad unit. 


Ri — 68,000 ohms 
R 2 — 680,000 ohms 
R 3 — 680,000 ohms 
R 4 — 2.2 megohms 
Rs — 220,000 ohms 
Re — 47,000 ohms 
R 7 — 3.3 megohms 
R 8 — 47,000 ohms 
R 9 — 4,700 ohms 
Rio — 270,000 ohms 
R 11 — 1 megohm 
R 12 — 68,000 ohms 


R 13 — 500,000 ohms 
R 14 — 1 megohm 
Ris — 500,000 ohms 

51— heater voltage switch 

5 2 — plate voltage switch 

T— miniature transformer, 6.3 volts, 

1.0 ampere 

)( la— [ RCA-12AX7 (Vz audio oscillator, 
Vlb » Vz multivibrator) 

v 2a_ [RCA-6211 O /2 multivibrator, 

V2b ) Vz dc amplifier) 


Construction 

Any broadcast receiver which will produce 
at least 4 volts avc can be used. The author 
used the popular RCA model 6X5C radio. 
This receiver is a 5-tube, ac-dc set which uti- 
lizes printed-wiring manufacturing tech- 
niques. Conversion is extremely simple. 

The grid lead to the first audio amplifier, 
12AV6, should be opened and a 500,000-ohm 
resistor (R 15 ) inserted, across which the audio 
output from the oscillator is impressed. This 
resistor permits the Conelrad alarm to operate 
regardless of the position of the volume con- 
trol. Aside from this resistor and the external 
connections, no other alterations are required. 

For convenience, an octal socket is placed 
in the center of the back of the receiver. This 
socket is used for connecting or disconnecting 
the Conelrad alarm unit without affecting nor- 
mal operation of the receiver. 

Wires from the ac, avc, B+, B— and grid 
of the first audio amplifier are connected to 
this socket. Shielded wires are, of course, used 
for all audio connections. 


One triode section of a 12AX7 (Vi a ) is 
used as the audio oscillator, while the other 
section of the 12AX7 (' Vi b ) , together with one 
section of a 6211 (V 2a ) is used as the multi- 
vibrator. The remaining section of the 6211 
( V 2 b) is used as the dc amplifier. 

This tube arrangement was chosen because 
the audio oscillator needed a high-mu tube, 
and the dc amplifier needed a tube which has 
good control for cutoff characteristics. The 
6211 was chosen because it is a twin triode 
especially designed for accurate “on-off” con- 
trol of signals in applications such as elec- 
tronic computers. Its grid cutoff characteris- 
tics are accurately controlled in manufacture. 
A 12AU7 could also be used in this socket, 
but the 6211 is designed to provide considera- 
bly superior performance in applications of 
this kind which may involve long periods of 
operation under cutoff conditions. 

The alarm unit is constructed on a piece of 
aluminum 4"x6", and mounted on a 4"x6"x 
3" chassis. All tube parts and components 
are attached to the cover with the exception of 
the control switches and pilot light. 
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The right-hand switch (Si) turns on the 
heaters of the alarm unit, while the left-hand 
switch (S 2 ) controls the plate voltage. The 
heater switch enables the operator to activate 
the Conelrad alarm unit whenever he desires. 
The plate voltage switch is provided to elimi- 
nate the annoyance of an audible alarm signal 
as the receiver is tuned between stations. This 
feature is especially useful when it is desirable 
to have the alarm ready for instant use after 
tuning in a different station. 

Since nearly all plastic-case, ac-dc sets have 
“hot-chassis” construction, a 0.05 /xf capacitor 
(C5) and a 270,000-ohm resistor (Rio) are 
connected between the B— and the metal chas- 
sis to eliminate the possibility of shock. If a 
transformer-type radio receiver is used, these 
components can be omitted and the B— can 
be connected directly to the metal chassis. 

The components (Ri, R 2 , R3, R4, C 1? C 2 , 
and C3) of the “T bridge” audio oscillator 
were selected to produce a frequency of ap- 
proximately 400 cycles. Other frequencies can 
be obtained by increasing or decreasing the 
values of the resistors or the capacitors. In- 
creasing the values of both types of compo- 
nents or decreasing these values, respectively 
decreases or increases the frequency. 

The rate at which these 400-cycle “beeps” 
will be produced is controlled by the time 


constant of the multivibrator (Rn C 7 and 
R 7 Ce). Again, increasing or decreasing the 
RC time constant will, respectively, decrease 
or increase the repetition rate. 

A 68,000-ohm resistor (Ri 2 ) across that 
section of the 12AX7 used as a multivibrator 
insures that leakage currents from the 6211 
will not start the system in operation. 

This all-electronic, automatic Conelrad 
alarm unit fully satisfies the recent ruling 
(Docket 11488) of the Federal Communica- 
tions Commission. It is simple, inexpensive, 
and easy to construct. 


New Mike Box 

The “make-your-own microphone” article 
by G. D. Hanchett, appearing in the Septem- 
ber, 1956, issue of Ham Tips (Vol. XVI, 
No. 3) described the construction of an alu- 
minum box for housing the microphone. Bud 
Radio, Inc., manufactures a box which is 
ideally suited to the requirements of the tran- 
sistorized microphone. Measuring 4" x 2^4" x 
214", the box is available in gray (CU-2103) 
or etched (CU-3003) finish. Using this box, 
the base response of the microphone will be 
slightly higher than that described in the 
original article. 



Placement of components under the cover plate. Note position of transformer. Resistors and capacitors are mounted 

on three terminal strips as shown. 



Cio*«-up v»*w of the M8-S60-A final, using an RCA-414S 
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RCA PUBLICATIONS FOR HAMS 

New Transmitting Tube Manual Now Available 


More and more hams are expressing un- 
precedented interest in the new 256-page RCA 
Transmitting Tubes (TT-4) manual. The new 
manual offers comprehensive and authorita- 
tive technical descriptions of 108 types of 
power tubes having plate-input ratings up to 
4 kilowatts and 13 types of associated rectifier 
tubes. Maximum ratings, operating values, 
characteristic curves, outline drawings, and 
socket connection diagrams are also featured. 

Covering basic theory of power tubes and 
their applications and written in an easy-to- 
understand style, the TT-4 manual contains 
information on generic tube types; tube parts 
and materials; tube installation and applica- 
tion; rectifier circuits and filters; interpreta- 
tion of tube data ; and the step-by-step design 
of af power amplifiers and modulators, rf 
power amplifiers, frequency multipliers, and 
oscillators. Simple calculations are given for 
determining operating conditions for class C 
telegraphy service, plate-modulated class C 
telephony service, frequency multipliers, and 
class AB and class B af amplifiers. 

Rapid selection of an RCA power tube or 
rectifier tube for a specific application is 
facilitated by references to a series of five 
classification charts. 

The TT-4 manual contains 16 circuit dia- 
grams showing the use of RCA tubes. These 
circuits include a VFO for 3.5-4.0 Me; crystal 
oscillators for both fundamental and har- 
monic output; amplifiers for class C telegra- 
phy service and for class C plate-modulated 
service; modulators; an electronic bias sup- 
ply; transmitters for operation at 2 meters, 
10 meters, and 462 Me; and others. 


The manual, RCA Transmitting Tubes 
(TT-4), can be obtained from your local RCA 
tube distributor, or by sending $1.00 to Com- 
mercial Engineering, RCA, 415 S. 5th St., 
Harrison, N. J. 

# * * 

The capsule descriptions below point up 
the features of other technical manuals which 
radio amateurs are finding particularly useful 
in their hobby. Copies of these publications 
also can be obtained from your local RCA 
tube distributor, or directly from RCA Com- 
mercial Engineering. 

* * * 

RCA Receiving Tube manual (RC-18) is an 
up-to-date, 352-page book containing techni- 
cal data on more than 575 receiving tubes. 
The book covers electron tube theory and 
applications, and is written in an easy-to- 
understand style. Other sections of the book 
include information on generic tube types, 
interpretation of tube data, and electron-tube 
installation. The price of the RC-18 is 75^. 

# * * 

RCA Receiving Tubes for AM, FM, and 

Television Broadcast booklet (1275-G) is a 

28-page publication containing classification 
charts, characteristic charts, and base and 
envelope connection diagrams on more than 
600 entertainment receiving tubes and pic- 
ture tubes. Price: 25^. 

* * * 

RCA Interchangeability Directory of In- 
dustrial-Type Electron Tubes (ID-1020A) is 
a 16-page booklet which lists more than 2,000 
type designations from 26 different manu- 
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facturers, arranged in alphabetical-numerical 
sequence. The listing shows the RCA direct 
replacement tube type, or the similar tube 
type, when available. Price: 25^. 

Longer Life for Your 6146 # s and 866-A's 

The RCA-6146 beam power tube and the 
RCA-866-A half-wave mercury-vapor recti- 
fier tube continue to be increasingly popular 
among hams. A few do’s (noted below) should 
help to considerably increase the already 
long life of these two types. 

Do's for the 6146 

• Hold heater voltage at 6.3 volts — at tube 
terminals. 

• Provide for adequate ventilation around 
tube to prevent tube and circuit damage 
caused by overheating. 

• Keep shiny shielding surfaces away from 
tube to prevent heat reflection back into 
tube. 

• Design circuits around tube to use lowest 
possible value of resistance in grid circuit 
and screen circuit. 

• In high frequency service, operate tube 
under load conditions such that maximum 
rated plate current flows at the plate voltage 
which will give maximum rated input. 

• Have overload protection in plate and 
screen circuits to protect tube in the event 
of driver failure. 

• See that plate shows no color when operated 
at full ratings (CCS or ICAS conditions). 

• Reduce B-f- or insert additional screen 
resistance when tuning under no-load con- 
ditions to prevent exceeding grid-No. 2 in- 
put rating. 

• Maintain tuning and loading adjustments 
precisely so that tube will not be subjected 
to excessive overload. The 6146 is a high- 
gain, high-perveance tube and can be more 
easily overloaded through circuit misad- 
justments than older types not having such 
features. 

• Use adequate grid drive, keeping within 
maximum grid-current and screen dissipa- 
tion ratings of tube. Too little grid drive 
can cause high plate dissipation. 

• Make connections to plate with flexible 
lead to prevent strain on cap seal. 

• Operate 6146 within RCA ratings as shown 
in technical bulletin available on request 
from RCA Commercial Engineering, Har- 
rison, N. J. 

Do's for the 866-A 

• Hold filament voltage at 2.5 volts— at tube 
terminals. (Safety note: Do not measure 


filament voltage with the high-voltage 
transformer turned “on.”) 

• Hold condensed-mercury temperature 
within minimum and maximum ratings 
(20° C to 80° C with maximum peak in- 
verse anode voltage of 2.5 Kv; 20° C to 70° 
C with maximum peak inverse anode volt- 
age of 5 Kv; 20° C to 60° C with maximum 
peak inverse anode voltage of 10 Kv). Con- 
densed mercury temperature can be meas- 
ured at the bottom of the glass envelope, 
close to the base, with a small thermometer 
attached to the glass with a minimum 
amount of putty. Recommended opera- 
tional temperature : 40° ± 5° C. 

• Heat filament fully before applying anode 
voltage (15 seconds under normal condi- 
tions). 

• After transporting tube, do not apply anode 
voltage until mercury has been redistrib- 
uted (by heating filament only for 30 
minutes). 

• After idle periods, raise anode voltage slow- 
ly to the normal operating value. 

• Keep rf out of rectifier compartment. 

• Operate tube within ratings as shown in the 
RCA Transmitting Tube Manual TT-4. 

Back Issues of HAM TIPS Available 

New amateur radio enthusiasts (we mean 
hams) and some of the oldtimers will be in- 
terested to learn that some of those recent 
back issues of Ham Tips are still available. 
If you’ve missed any of the issues listed below, 
just drop a note to your technical editor, Bob 
Leedy, RCA Ham Tips, 415 S. 5th St., Harri- 
son, N. J., and we’ll mail it with the compli- 
ments of your local RCA distributor. 

Ham Band Charts ( Vol. XVI, No. 1, March, 
1956) was one of the most popular items ever 
to appear in this publication. This amateur- 
band frequency graph, showing useful data 
on the ham bands from 1.8 to 148 Me, has 
been reprinted several times due to the many 
requests from hams. 

Versatile Modulator (Vol. XVI, No. 2, July- 
August, 1956) by Peter Koustas, W2SGR, gave 
complete instructions for building a modula- 
tor providing any audio power between 25 
and 100 watts and, therefore, can modulate 
100% any rf input power up to 200 watts. 

The Make-Your-Own Microphone (Vol. 
XVI, No. 3, September, 1956) by G. D. Han- 
chett, W2YM, describes a very popular trans- 
istorized microphone which has all the fea- 
tures desirable for mobile operation: good 
audio quality, fairly high signal output, in- 
sensitivity to unwanted electrical pickup, 
rugged construction and low price. 


April, 1957 


RCA HAM TIPS 


3 



Ci, C 2 , C 5 — 0.001 /xl 

R 2 , R 3 — 680,000 ohms 

Si- 

-heater voltage switch 

C 3 — 0.002 /if 

R 4 — 2.2 megohms 

S 2 — plate voltage switch 

C 4 , C 11 — 0.01 m! 

R 5 — 220,000 ohms 

T- 

■miniature, transformer, 6.3 volts, 

C 6 , C 7 , C 8 — 0.25 /if 

R6, Rs — 47,000 ohms 


1.0 ampere 

C 9 — 0.05 Ail 

R 7 — 3.3 megohms 

Vla! 

[ RCA-12AX7 O /2 audio oscillator, 

C 10 — 0.1 /il 

Rg — 4,700 ohms 

Vib 1 

\ Vi multivibrator) 

L— indicator lamp, 6.3 volts, RCA-40 

Rio— 270,000 ohms 

V 2 a ] 

[ RCA-6211 (V2 multivibrator, 

Ri, R 12 — 68,000 ohms 

R 11 , Ri 4 — 1 megohm 

R 13 , R 15 — 500,000 ohms 

V 2 b] 

1 Vi dc amplifier) 


Schematic and parts list for automatic Conelrad unit. 


Let's Face It! 

Correction please: In the Automatic 
Conelrad Alarm article* which appeared in 
the February issue of HAM TIPS ( Vol. XVII, 
No. 1), capacitor C 4 was included in the parts 
list, but was inadvertently omitted from the 
circuit schematic. The schematic should have 
shown the capacitor connected between the 
plate of Via and the junction of capacitor Ci 
and resistor R 2 . The corrected schematic is 
shown above. 

The position of R 4 in the schematic was 
incorrect and has been changed as shown 
above. R 4 now connects to the grid of Vi a and 
to B— . The ground shown between C5 and R 13 
on the af-output line is also in error. The out- 
put lead from C 5 , through R 13 and to the grid 
of the audio amplifier in the receiver, should 
be a shielded cable with the shield connected 
to the chassis of the alarm unit. 

The 0.05-/xf capacitor (C 9 ) and the 270,- 
000 -ohm resistor (Rio) should be shown con- 
nected between the B— and the metal chassis, 
not ground. In the text of the original article, 
capacitor C 9 was erroneously referred to as 

* Automatic Conelrad Alarm by G. D. Hanchett, W2YM 

RCA Tube Division, Harrison, N. J. 


C 5 . When a transformer-type radio receiver 
is used, C 9 and Ri 0 can be omitted and the 
B — connected directly to the metal chassis. 

Description: For the information of those 
readers who may not have acquired copies of 
the original article, the Conelrad Alarm unit 
can be used with any 5-tube ac-dc broadcast 
receiver producing at least 4 volts avc. 

As shown in the diagram above, wires from 
the grid of the first audio amplifier, its shield, 
B+, avc, ac, and B— of the receiver are con- 
nected to the alarm unit. The “B” voltage can 
range from 120 volts minimum to 250 volts 
maximum. The author used the popular RCA 
model 6X5-series broadcast receiver and con- 
nected the Conelrad alarm unit to the receiver 
as shown in the right-hand portion of the 
schematic diagram. The only modification of 
the receiver required is the addition of a 
500,000-ohm resistor (R15) inserted between 
the grid lead of the receiver’s first audio am- 
plifier ( 12 AV 6 ) and the volume control. 

When the Conelrad “alert” is in effect, or 
when the broadcast station’s carrier leaves 
the air, the output of the alarm’s audio oscil- 
lator will cause the receiver to emit a series 
of 400-cycle “beeps” at 1-second intervals. 
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A TRANSISTORIZED QSO-GETTER 

For 40-Meter QRP CW Operation 

by E. M. Washburn, W2RG* 


Many radio amateurs have expressed a keen interest 
in the amazing possibilities of low-power transistor- 
ized transmitters. This expressed interest has 
prompted the following description, so that others 
may join the growing ranks of QRP operators working 
hundreds— or even thousands— of miles on a fraction 
of one watt input. 


The transistorized QRP transmitter illus- 
trated and described in this article is essen- 
tially a 40-meter cw rig, using one RCA- 
2N140 transistor in the crystal oscillator and 
another in the amplifier. The transmitter is 
adequately powered by two 6-volt, heavy-duty 
dry batteries, connected in series, which are 
provided with a switch to permit tuning up at 
6 volts. When the transmitter is operating at 
full load, the crystal oscillator operates at 12 
volts with a collector current of 15 milliam- 
peres, while the amplifier operates at 12 volts, 
18 milliamperes. Admittedly, these inputs are 
in excess of the manufacturer’s ratings and 
some transistors may not operate satisfac- 
torily under these overload conditions. An 
RCA-VS069 1.5-volt dry cell is used in the 
oscillator emitter circuit as shown in the sche- 
matic diagram. 

During the Spring and Fall of 1956, the 
author worked 18 states, Ontario, Quebec, 
Puerto Rico, Windward Islands and Trans- 


*Manager, Frequency Control Engineering / 
RCA, Camden, N. J. 


vaal, S. Afr.— all on 40 meters— with an an- 
tenna consisting of a single, 106-foot wire. 
The wire used with the author’s transmitter 
is strung 28 feet across the basement rafters, 
then leaves the confines of the shack and 
slopes upwards for a distance of 42 feet to a 
flat top which is 36 feet long and 28 feet above 
the ground. The antenna can be voltage-fed 
from the amplifier or it can be fed from the 
antenna tuner. 

Over a long period of operations, the signal 
reports received by the author have varied 
from RST-339 to 589, depending upon band 
conditions, distance and the type of receiver 
used by the receiving station. The QSO with 
Transvaal, S. Afr., (ZS6TR) appears to be 
a world record for a 40-meter low power/ 
transistor transmitter and the contact was 
made without any form of prearrangement 
and without any previous communications 
using a higher-power rig. At 216 milliwatts 
and covering a distance of 8,000 miles, this 
performance is comparable to 37,000 miles 
per watt at a frequency of 7002 Kc. 

Several contacts have been made on the 
80-meter tand, but the most gratifying and 
successful results have been accomplished in 
the 40-meter band. To the present, no attempt 
has been made to put the QRP transmitter on 
the 20-meter or the higher frequency bands; 
however, this band could be worked by using 
the amplifier as a doubler stage and substi- 
tuting an RCA-2N247 transistor for the RCA- 
2N140. 
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Complete transistor rig. Maximum input to the final amplifier: 216 Mw. 


CONSTRUCTION 

The complete transistor transmitter station 
comprises five units as shown in the photo- 
graph. The wave meter would normally be 
placed several feet away with its pickup coil 
about 2 inches from the antenna wire. Since 
this absorption wave meter is entirely conven- 
tional and the battery box is merely a housing 
for the two 6-volt dry batteries and the 1.5 
volt dry cell, the circuit description will be 
limited to the crystal oscillator unit, amplifier 
and antenna tuner. Each of these three units is 
housed in a minibox which measures 5 inches 
by 4 inches by 3 inches. Interior construction 
details are shown in the photographs of each. 

Although VFO circuits have been tried, the 
only successful operation has been with crys- 
tal control, and in this particular design the 
crystal unit is in the emitter circuit. The key 
is by-passed by a low-voltage 2 /xf capacitor 
to improve keying characteristics, particu- 
larly when a “bug” is used. The most critical 
adjustment is the location of the output tap 
on the base inductor to achieve stable per- 
formance, free from “birdies.” 

Whether or not an amplifier is used, the 
output tap on the tuned circuit inductor 
should be just far enough from the ground 
end for a stable signal, free from multi- 
vibrator type birdies when the key is first 
closed. In the unit described, the tap is almost 
at midpoint, 10^ turns from the ground end 
with a total of 23 turns in the coil. The opti- 
mum location for this tap must be obtained 
by “cut and try” method, keeping the collec- 
tor voltage low and backing down on the 
emitter potentiometer to avoid exceeding 15 
ma collector current. 


The transistorized crystal oscillator is shown 
with the 2N140 transistor just above the crys- 
tal unit. The lower central knob adjusts the 
variable tuning capacitor, while the left-hand 
knob is used to set the “bias” potentiometer 
at optimum for clean keying at full output. 
The switch at the lower right is the main bat- 
tery on-off switch, while the jack at the lower 
left is for the key. On top of the unit, the coax 
connector is for the rf output and the four- 
prong male connector is for the 12-volt and 
1.5-volt supplies from the battery box. The 
inside components of the oscillator are shown 
in the photograph. 

In the amplifier circuit, the only critical 
adjustment is the location of the tap on the 



Rear view of crystal oscillator. Best dx on 40 meters was 
ZS6TR, 8,000 miles, Transvaal, S. Afr., without pre- 
arranged contact. 
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Rear view of transistor amplifier. 

collector tank coil. The optimum position 
must be found by trial, but should be near the 
midpoint or slightly towards the ground end. 
Because one set of batteries is used as the 
12-volt supply for both the oscillator and 
amplifier, the on-off switch may be omitted 
since the common ground is made through 
the coax cable. 



Construction details of absorption wave meter used to 
indicate maximum radiation from antenna. 



Interior view of antenna tuner. 

The use of an antenna tuner was found 
helpful, although not essential. The absorp- 
tion wave meter, however, is considered an 
absolute necessity, since it gives a sensitive 
indication of the radiated energy. During 
tuning operations, this meter pickup coil may 
be located close enough to the antenna wire 
(about 6 feet from the tuner or transmitter) 
to give a meter reading at about half-scale, 
assuming that full scale is about 200 /xa. Then 
it should be removed completely or decoupled 
until the needle movement is just visible. 
Although the tuner circuit contains more 
components than absolutely required, it 
does permit precision tuning for optimum 
radiated power at minimum collector current, 
and in low power work of this particular 
type every individual milliwatt must be 
utilized to produce maximum power for maxi- 
mum contacts. 

As in conventional transmitter tuning, in- 
creasing the load will also increase the col- 
lector (plate) current, but instead of tuning 
the tank circuit for a dip in collector current, 
the more positive indication of proper load- 
ing is maximum wave meter current at mini- 
mum collector current. Maximum radiation 
normally will not be at maximum current in 
the collector circuit. Adjustment of the emit- 
ter potentiometer in the oscillator is quite 
critical for optimum setting. 

In all tuning operations it is advisable to 
listen to the signal in the station receiver. As 
the voltage on the oscillator emitter is gradu- 
ally increased and oscillation starts, the signal 
will sound very strong, even before there is 
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any indication of collector current in the 
amplifier. As the emitter potentiometer is ad- 
vanced slowly, the oscillator collector current 
will increase and the keyed signal will become 
clean, with a slight ringing which is charac- 
teristic of crystal oscillator keying. Unfortu- 
nately, if there is any indication of radiated 
power under this setting of the potentiometer, 
it will be very small, and the emitter voltage 
should be further increased. At about 10 ma 
collector current, there should be a definite 
amplifier collector current and a wave meter 
indication of radiated power, and all tuning 
controls must be adjusted carefully until peak 
radiation is reached. During this final tuning, 
birdies are very liable to be heard in the 
receiver all over the dial, and tuning must be 
readjusted until the only signal heard is at 
the crystal frequency. If tuning alone is not 
effective in eliminating these spurious oscil- 
lations with a “cold” transistor, the emitter 
voltage in the oscillator must be reduced or 
the tap on its base coil moved further from 
the ground end. 

When the keyed signal is clean and free 
from birdies, with collector current between 
12 and 15 ma in the oscillator and 15 to 18 
ma in the amplifier, and with a good indica- 
tion of radiation in the absorption wave 
meter, that meter should be removed or 
coupled very loosely. The rig is then all set 
for normal use. 

In at least one respect, however, operation 
will not be normal, and that is in establishing 
contacts. The only successful method experi- 
enced by the writer has been in answering 
general calls and rarely by calling CQ, CQ-TR, 
CQ-QRP, or any other form inviting a QSO. 
Experience teaches that it is well to listen for 
a few seconds before answering a CQ, to see 
if others are answering the same call. If so, it 
is almost a waste of time to answer, even as- 
suming your crystal frequency is close enough 
to be hopeful of establishing contact. The 
writer has had best success by having a fair 
selection of crystals, choosing one which is 
in the least occupied portion of the band, 
tuning for optimum radiation at minimum 
power input, and waiting for someone to call 
CQ on that frequency. On 40 meters you don’t 
have to wait long under normal conditions. 

On 80 meters, a 2N139 may be used in 
place of the 2N140 and is slightly lower in 
price. Cutoff frequency of the 2N139 is ap- 
proximately 5 Me. The 2N140 should be used 
for 7 Me operation, with its higher cutoff 
frequency at about 8 Me. Future QRP rigs 


hold many possibilities of higher-frequency 
operation, voice modulation, and increased 
efficiency. 

Your author wishes to emphasize the im- 
portance of selecting the proper location for 
the tap on the oscillator coil and also on the 
amplifier coil. Roth are extremely critical for 
optimum performance. The antenna tuner de- 
scribed will load almost any kind of wire, but 
obviously the better antenna system em- 
ployed, the better the results will be. 

Your author has never used any form of 
beam and all contacts, nearly 200 at this writ- 
ing, have been without previous arrangement 
and without previous contact with higher 
power equipment. In the author’s opinion, 
such “piggy-back” contacts void the attrac- 
tion of the adventure in transistorized QRP 
amateur communications. 


PARTS LIST 

Bi— Battery, 1.5-volt (RCA-VS069, or equivalent) 

B 2 — Battery, 6-volt (RCA-VS009, or equivalent) 

B3— Battery, 6-volt (RCA-VS009, or equivalent) 

Ci — 2/xfr electrolytic 
C 2 — 0-100 /Afjfi, variable 
C3-0.01 /if 
C4-0.01 /if 

C 5 — 0-100 m/ 4, variable 
Ce— 0.001 M f 
C 7 — 0-100 m/ 4, variable 
Cs — 0-100 nrf, variable 
C9— 0-50 Ai/d, variable 
Cio — 0.001 /if 
Cn— 0.001 /if 

Li — 23 turns B & W Miniductor #3015, tapped near 
center 

L 2 — 23 turns B & W Miniductor #3015, tapped near 
center 

L 3 — 23 turns B & W Miniductor #3015, tapped near 
center 

La— 2 3 / 4 “ length B & WMiniductor#3016,3equaltaps 
L5— Any size 40-meter pickup coil center-tapped, 
which tunes through band, with Cs 
Mi— 0-20 dc milliameter 
M 2 — 0-20 dc milliameter 
M3— 0-100 microammeter 
Ri— 100,000 ohms 
RFCi— RF choke, 1 mh 
RFC 2 — RF choke, 1 mh 
RFC3— RF choke, 1 mh 
SWi— SPST switch 
SWz-SPDT switch 
SW 3 — SPST switch 
SW4— Switch, 4- position 
X— Crystal, 3.5 or 7.0 Me 
RCA-2N140 Transistor (oscillator) 

RCA-2N140 Transistor (amplifier) 

RCA-1N34-A Semiconductor Diode (wave meter) 
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